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IN  December  1886  a  very  comprehensive  scheme  was  submitted  to 
the  King  (then  Prince  of  AYales)  by  an  "  organising  "  Committee  which 
His  Majesty  had  appointed  in  September  of  that  year,  for  determining 
the  character  and  scope  of  operations  of  an  "Imperial  Institute," 
intended  to  commemorate  the  fiftieth  year  of  Her  late  Majesty's 
reign.  That  scheme  included  '•  the  utilisation  of  the  commercial  and 

O 

industrial  resources  of  the  Colonies  and  India,  and  other  parts  of  the 
Empire,  by  providing  comprehensive  collections  of  their  natural 
products  and  of  such  products  of  other  nations,  and  collecting  full 
scientific,  practical  and  commercial  information  relating  thereto."  It 
also  specified  that  the  Building,  which  should  be  "  of  such  a  character 
a>  worthily  to  commemorate  the  first  Jubilee  year  of  the  Queen's 
reign/  would,  among  other  of  its  objects,  "  also  advantageously  afford 
'Accommodation  for  comparing  and  ewraining  samples  l»j  the  resources  of 
modern  science." 

The  collections  of  natural  products  which,  in  the  practical  develop- 
ment of  the  scheme  of  organisation  of  the  Institute,  were  got  together 
for  public  exhibition  in  its  Galleries  from  all  parts  of  the  Empire,  were 
therefore  intended,  on  the  one  hand,  to  make  the  public  acquainted 
with  the  resources  of  the  countries  which  it  includes,  and,  on  the  other 
hand,  to  enable  men  connected  with  commerce  and  industries  to 
compare  staple  products  of  particular  classes  furnished  by  the  several 
countries ;  and  to  direct  the  attention  of  persons  practically  interested 
in  them  to  new  or  little  known  natural  products.  It  was  also  con- 
templated to  furnish  reliable  information  regarding  the  nature  and 
properties  of  these  ;  their  probable  commercial  and  industrial  value  : 
the  extent  to  which  they  might  be  found  accessible,  and  the  cost  at 
which  supplies  could  reach  the  British  markets.  The  provision  of 
much  of  this  information  necessitated  the  organisation  of  a  system  of 
operations  for  combining  the  scientific  investigation  of  such  products 
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with  their  practical  examination  and  testing,  and  their  commercial 
valuation. 

In  my  dual  capacity  as  a  Member  of  the  Organising  Committee  just 
referred  to,  and  of  Organising  Director  and  Secretary  of  the  Institute, 
it  became  my  duty  to  indicate  to  the  Architect  (Mr.  T.  E.  Collcutt) — 
whose  general  design  for  the  Building  was  accepted  by  the  Committee, 
with  the  approval  of  the  Prince  of  Wales — the  nature  of  the  accom- 
modation to  be  furnished  therein  for  the  various  Departments  which 
the  Imperial  Institute  was  intended  to  comprise.  The  rooms  com- 
posing the  top  floor  of  the  Main  Building  were  therefore  designed 
to  serve  as  chemical  and  physical  laboratories,  and  their  dimensions 
and  aspect  (the  windows  facing  the  north)  render  them  very  suitable 
for  these  purposes.. 

It  was  not  until  after  the  opening  of  the  Institute  by  Her  late 
Majesty  in  1893,  when  some  considerable  progress  had  been  made  in 
the  installation  of  the  collections  representing  the  natural  products  of 
the  Colonies  and  of  India,  that  it  Avas  possible  to  give  attention  to  the 
important  matters  of  establishing  an  Experimental  Department  in  the 
Institute  Building,  and  of  organising  arrangements  for  the  chemical 
investigation  and  practical  examination  of  new  or  little  known  natural 
products. 

Sir  Edward  Buck  at  that  time  held  the  position  of  Reporter  on 
Economic  Products  to  the  Government  of  India.  In  his  careful  con- 
sideration and  discussion,  in  correspondence  with  me  in  1887-8,  of  the 
system  to  be  pursued  for  the  arrangement  and  display,  at  the  Institute, 
of  the  natural  products  of  India,  he  had  not  lost  sight  of  the  importance 
of  making  some  provision  towards  defraying  the  cost  of  chemical 
analyses,  or  of  researches  to  be  carried  out  from  time  to  time  in 
connection  therewith;  and  in  1892  I  received,  at  his  instance,  a  sum 
in  rupees  amounting  to  £64  8s.  2d.,  to  be  expended  "  upon  investiga- 
tions and  analyses  of  commercial  products  "  !  This  money  was  devoted 
to  the  payment  of  expenses  incurred  in  the  examination  of  certain 
timbers  and  other  products  by  experts  who  undertook  to  furnish 
preliminary  reports  thereon.  But  it  was  not  until  some  months  had 
elapsed  after  the  Institute  Buildings  had  been  formally  opened,  that 
the  first  practical  advance  towards  the  establishment  of  a  Department 
of  Scientific  and  Technical  Research  became  possible. 

Public  attention  Avas  first  directed  to  this  subject  in  the  second 
Annual  Report  submitted  to  the  Governing  Body  in  December  1893. 
It  Avas  then  pointed  out  that  "the  resources  at  the  disposal  of  the 
Institute  authorities  do  not  admit,  for  the  present,  of  the  establishment 
and  maintenance  of  a  Department  of  Scientific  and  Technical  Research 
in  the  Institute  itself,  nor  for  the  expenditure  of  any  important 
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of  the  ordinary  income  of  the  Institute  upon  the  adequate 
remuneration  of  men,  thoroughly  competent  to  carry  on  research  work, 
who  might  be  able  to  pursue  investigations  for  the  Institute  in  the 
laboratories  at  their  disposal." 

It  was  thought,  however,  that  the  Institute,  by  undertaking  to 
provide  well-known  scientific  workers  with  supplies  of  new  materials 
for  investigation,  might  induce  them  to  accept  some  kind  of  honorary 
official  relationship  to  the  Institute,  and  to  agree,  while  publishing 
through  channels  which  seemed  best  to  themselves  the  detailed  results 
of  investigations  of  the  materials  supplied  by  the  Institute,  to  furnish 
it  with  early  and  condensed  reports  on  the  main  results  of  such 
researches. 

A  few  preliminary  steps  were  already  taken,  in  1893,  towards 
bringing  into  practical  operation  the  scheme  above  indicated,  and  also 
towards  securing  the  co-operation  of  technical  experts  upon  a  footing, 
in  connection  with  the  Institute,  similar  to  that  of  the  scientific 
experts. 

^  -ral  scientific  authorities  were  supplied  with  products  needing 
chemical  investigation  or  practical  examination  and  testing,  with 
the  result  that  India  and  certain  of  the  Colonies  were  speedily 
furnished  with  interesting  and  valuable  information.  Thus,  the 
valuable  examination,  by  mechanical  tests,  etc.,  of  several  series  of 
Colonial  Timbers,  was  undertaken  gratuitously  by  Professor  W.  C. 
Unwin.  F.R.S.,  of  the  Central  Technical  College,  his  advanced 
students  carrying  out  the  work  under  the  Professor's  superintend- 
ence. Professor  A.  H.  Church,  F.R.8.,  who  had  already  carried 
out  valuable  examinations  of  new  Indian  food-stuffs,  undertook  the 
further  pursuit  of  this  important  subject,  and  the  determination  by  him 
of  the  comparative  nutrient  properties  of  a  considerable  variety  of 
seeds,  etc.,  has  been  of  much  importance  to  the  Government  of  India. 
Professor  AVyndham  R.  Dunstan,  F.K.S..  was  furnished  with  material 
for  the  important  researches  he  wa^  carrying  on  in  the  Research 
Lalx>ratories  of  the  Pharmaceutical  Society  on  Aconites,  Podophylluni 
and  other  medicinal  plants  of  Indian  origin.  Messrs.  Cross  and  Bevan 
furnished,  gratuitously,  reports  on  new  fibres,  and  valuable  advice  in 
to  their  comparative  examination.  Other  investigations  were 
also  undertaken  by  Professor  H.  E.  Armstrong,  F.R.S.,  Dr.  Boverton 
Redwood,  and  Mr.  W.  H.  Deering ;  and  Professors  Hummel,  Perkin, 
and  Proctor,  of  the  Yorkshire  College,  Leeds,  carried  out  investigations 
of  new  vegetable  products  (dye-stuffs,  tanning  materials,  etc.)  from 
India,  which  were  furnished  to  them  for  that  purpose  by  the  Imperial 
Institute. 

Early   in    1894    a   number    of    eminent    scientific   men,    who    had 
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individually  identified  themselves  with  particular  branches  of  research 
bearing  upon  the  utilisation  of  natural  products,  were  invited,  and 
cordially  consented,  to  serve  upon  a  Committee  of  Advice,  expressing 
at  the  same  time  their  appreciation  of  the  value  and  importance  of  the 
work  which  it  was  proposed  to  undertake.  Several  of  these  gentlemen 
afterwards  carried  out  gratuitously  the  work  of  investigation  which  has 
just  been  referred  to. 

The  late  Lord  Playfair  had  his  attention  directed  by  the  Annual 
Report  on  the  work  of  the  Institute  for  1893,  to  the  importance  of  the 
Department  for  Scientific  and  Technical  Investigation,  which  was  in 
process  of  organisation,  and  to  its  intimate  connection  with  the  main 
objects  to  which  the  funds  at  the  disposal  of  the  Royal  Commission  for 
the  Exhibition  of  1851  were  intended  to  be  devoted.  It  was  at  his 
suggestion  that  I,  in  that  year,  addressed  a  letter  to  Sir  Arthur  Ellis, 
the  Secretary  to  the  Commissioners,  describing  the  steps  which  had 
already  been  taken  towards  the  development  of  a  Research  Department 
at  the  Institute,  and  urging  the  necessity  for  pecuniary  aid  for  the 
fitting  up  and  equipment  of  Laboratories,  and  the  engagement  of  a 
small  working  staff.  In  January  1894  a  reply  was  received,  stating  that 
the  Board  of  Management  of  the  Royal  Commission  were  of  opinion 
that — "as  the  work  of  the  proposed  new  Department  of  the  Institute 
would  have  for  its  purpose  the  extension  of  the  influence  of  science 
and  art  upon  productive  industry,  it  would  come  within  the  scope  of 
the  Commissioners'  Charter,"  and  that  they  would  consequently  recom- 
mend the  Commissioners  to  grant  .£300  in  aid  of  the  establishment  of 
a  Research  Laboratory,  and  an  annual  sum  of  ,£200  (for  a  period  of 
five  years)  towards  the  salary  of  an  Investigator. 

Endeavours  to  obtain  further-  help  from  other  quarters  towards 
the  equipment  of  a  Laboratory  resulted,  in  the  first  instance,  in  small 
gifts  of  money,  and  of  some  indispensable  instruments  from  Sir 
Lowthian  Bell,  Dr.  Ludwig  Mond,  Mr.  G.  Matthey,  and  myself ;  and, 
early  in  1894,  most  valuable  assistance  was  rendered  by  the  Gold- 
smiths' Company,  the  Court  of  which  gave  a  donation  of  ,£1000 
to  be  expended  upon  the  fitting  up  and  equipment  of  labora- 
tories. By  arrangement  with  the  Board  of  Management  of  the  Com- 
missioners, the  grant  of  £300  towards  the  above  purposes  was  applied 
solely  to  increase  the  annual  grant  towards  the  payment  of  the  working 
staff,  and  one  of  the  rooms  originally  designed  for  conversion  into 
laboratories  was  arranged  and  fairly  Avell  equipped,  by  means  of  the 
Goldsmiths'  Company's  donation. 

Two  young  chemists,  recommended  as  expert  analysts  by  the 
Professor  of  Chemistry  at  the  City  and  Guilds  Central  Technical 
College  (one  of  the  Committee  of  Advice),  were  engaged ;  they  com- 
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menced  a  series  of  analyses  of  coals  and  iron  ores  from  India,  and 
carried  our  a  comparative  examination  of  various  Indian  and  Colonial 
fibres  and  other  experimental  work,  under  my  direction,  and  that 
of  several  Members  of  the  Committee  of  Advice. 

In  June  1893  the  Council  resolved,  a*  a  provisional  measure,  to 
appoint  a  Technical  Sub-Director,  in  the  person  of  Dr.  Theodore  Cooke, 
C.  I.  E.,  an  expert  botanist  possessing  considerable  experience  in 
some  branches  of  technology,  who  had  recently  retired  from  the 
Indian  Service,  having  been  successively  Director  of  the  Botanical 
Survey  of  Western  India,  Director  of  Public  Instruction  in  Bombay, 
and  Principal  of  the  Poona  College  of  Science.  Dr.  Cooke  assisted 
in  securing  expert  opinions  on  the  working  properties  and  probable 
market  value  of  new  kinds  of  fibres,  etc.,  and  in  organising  cor- 
respondence in  connection  with  the  Technical  Department,  but  it 
•on  obvious  that  a  sufficiently  vigorous  pursuit  and  development 
of  the  work  of  chemical  research  in  connection  with  the  study  and 
possible  utilisation  of  products  from  various  parts  of  the  Empire 
could  not  be  attained  by  the  aid  of  such  limited  supervision  of  the 
Laboratory  work  as  my  numerous  duties  as  Director  and  Secretary  of 
the  Institute  permitted  me  to  devote  to  this  new  Department,  but 
that  arrangements  must  be  made  for  its  continuous  direction  by  an 
official  not  only  of  acknowledged  reputation  in  chemical  research, 
pure  and  applied,  but  who  was  also,  if  possible,  possessed  of  special 
experience  in  the  chemical  study  of  vegetable  products,  and  in  the 
successful  organisation  and  administration  of  a  Department  in  which 
this  class  of  investigation  would  be  conducted  by  a  staff  of  Scientific 
Assistants. 

With  this  aim  in  view,  application  was  again  made,  through  the  Chair- 
man of  Council,  the  late  Lord  Herschell  (a  member  of  the  Royal 
Commission  for  the  Exhibition  of  1851),  for  further  assistance  from  that 
Body,  and.  at  Lord  Playfair's  suggestion,  the  proposal  was  submitted 
that  the  grant  in  aid  of  the  scientific  work  of  the  Institute  should  be 
increased  sufficiently  to  enable  the  Executive  Council  to  secure  the 
services  of  a  Director  of  the  Department,  as  Avell  as  a  substantial 
addition  to  the  staff  of  Assistant-Chemists. 

This  application  was  made  on  the  18th  December,  1895,  and  on 
January  7th,  1896,  a  most  gratifying  reply  was  received  from  the 
Secretary  to  the  Commission,  who  said  : 

"  It  appears  to  the  Board  of  Management  that  the  work  carried  on 
at  the  Laboratory,  an  account  of  which  was  contained  in  the  Address 
delivered  at  the  Imperial  Institute  on  the  16th  December,  has  justified 
the  opinion  they  expressed  in  1894,  that  the  Lalx>ratory  was  calculated 
to  promote  the  extension  of  the  influence  of  Science  and  Art  upon 
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productive  industry,  and  that  its  work  Avould  therefore  come  within 
the  scope  of  the  Commissioners'  Charter ;  and  they  gather  from  your 
Memorandum  that  the  additional  grant  aslted  for  can  be  usefully 
employed  in  developing  this  Avork.  The  Board  have  consequently 
resolved  to  recommend  the  Royal  Commission  to  raise  their  contribii- 
tion  for  the  maintenance  of  the  Laboi'atory  to  .£1000  a  year  from 
January  1890,  and  the  four  following  years,  at  the  end  of  which  time 
they  will  be  able  to  reconsider  the  subject  in  the  light  of  the  experience 
which  will  have  been  gained." 

Early  in  1S90  the  Executive  Council  agreed  to  appoint  a  Director 
of  the  Scientific  and  Technical  Department,  and  to  dispense  with  the 
appointment  of  a  "  Technical  Sub-Director."  The  Committee  of 
Advice  established  in  connection  with  the  new  Research  Department 
included,  in  the  person  of  Professor  Wyndham  R.  Dunstan,  M.A., 
F.R.S.,  a  Scientific  Chemist  of  high  reputation  as  a  successful  investi- 
gator, more  especially  in  the  domain  of  vegetable  chemistry,  Avho, 
as  Director  of  the  Research  Laboratories  of  the  Pharmaceutical 
Society  of  Great  Britain,  Had  carried  out,  and  Avas  engaged  in  direct- 
ing, important  studies  of  the  chemical  nature  and  therapeutic  properties 
of  the  constituents  of  several  Indian  natural  products  of  vegetable 
origin.  With  the  approval  of  the  Executive  Council  of  the  In- 
stitute, I  succeeded,  in  March  1896,  in  arranging  Avith  Professor 
Dunstan  to  undertake  the  Avork  of  Director  of  its  Scientific  and 
Technical  Department,  while  still  for  a  time  retaining  the  appoint- 
ment Avhich  he  then  held  of  Professor  of  Chemistry  at  St.  Thomas's 
Hospital. 

In  July  1896  representations  to  my  colleagues  upon  the  Court 
of  the  Goldsmiths'  Company,  in  regard  to  the  useful  results  already 
accomplished  through  their  donation  of  £1000  made  in  1894,  and  to 
the  further  important  development  of  the  Research  Department 
Avhich  Avas  anticipated  from  the  appointment  of  a  Director  and 
other  additions  to  its  Avorking  staff,  resulted  in  a  second  munificent 
donation  of  £1000,  for  expenditure  upon  its  enlargement  and  further 
equipment. 

The  Laboratory,  and  other  accommodation,  Avas  consequently  more 
than  doubled  in  the  autumn  of  1896,  and  from  that  time  the  opera- 
tions of  the  Scientific  and  Technical  Department  have  been  steadily 
extended. 

The  Salters'  Company,  the  foremost  of  the  City  Guilds  in  recognising 
the  importance  of  affording  encouragement,  through  pecuniary  assist- 
ance, to  those  students  of  chemical  science  Avho  have  afforded 
practical  proof  of  ability  and  zeal  in  the  pursuit  of  original  research, 
established  a  system  of  "  Research  FelloAvships  "  in  the  form  of  grants 
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to  young  Chemists  working  in  the  Laboratories  of  important  public 
Institutions,  under  the  guidance  of  men  of  recognised  reputation  as 
successful  investigators.  ';  Salters'  Research  Fellowships "  were  thus 
allotted  to  the  Central  Technical  College  of  the  City  and  Guilds 
Institute,  and  to  the  Pharmaceutical  Society  of  Great  Britain ;  and, 
in  1*96,  a  Salters'  Research  Fellowship  was  allotted,  through  Pro- 
Dunstan's  representations  to  the  Court  of  the  Halters'  Com- 
pany, to  the  Scientific  Department  of  the  Imperial  Institute, 
which  has  been  successively  held  by  Mr.  F.  H.  Carr,  who  is  now 
Chemist  to  a  large  firm  of  manufacturers  of  alkaloids  and  other 
medicinal  preparations:  Mr.  T.  A.  Henry,  now  Doctor  of  Science  of 
London  University,  and  chief  Assistant-Chemist  in  the  Scientific 
Department,  who  has  been  associated  with  Professor  Dunstan  in 
the  prosecution  of  important  chemical  researches  ;  and  at  the  present 
time  by  Mr.  Harold  Brown. 

The  work  accomplished  under  Professor  Dunstan's  direction,  in  the 
examination  of  new  products  from  India  and  the  Colonies,  and  in 
scientific  researches  (chemical  and  therapeutic)  connected  with  certain 
special  classes  of  these,  soon  became  sufficiently  extensive  to  monopolise 
to  a  very  great  extent  the  services  of  the  Director  and  his  staff  of 
Assistant-Chemists.  The  importance  of  this  work,  as  demonstrated 
especially  by  the  Reports  furnished  by  Professor  Dunstan  to  the 
Agriculture  and  Revenue  Department  of  the  Government  of  India  and 
to  the  Committee  appointed  by  the  India  Office  to  direct  the  Indian 
Section  of  the  Institute,  was  soon  recognised  by  the  Government 
of  India,  and  resulted  in  a  special  grant  of  £100  per  annum  towards 
meeting  these  outlays. 

Some  important  Reports,  as  the  result  of  scientific  and  technical 
investigations  of  natural  and  manufactured  products,  were  also 
furnished  to  several  of  the  Colonies  within  a  brief  period  after 
the  establishment  of  this  Department  under  Professor  Dunstan's 
direction. 

The  rapid  extension  of  the  demands  made  upon  the  services 
of  the  Scientific  Department  speedily  exceeded  the  financial  resources 
of  the  special  funds  available  towards  its  maintenance  from  the 
annual  grants  of  the  Royal  Commission  and  the  allowance  from 
the  Government  of  India  ;  and  the  then  existing  financial  embarrass- 
ments of  the  Institute,  to  meet  which  it  had  been  necessary  to  secure 
heavy  money-advances,  rendered  it  very  difficult  for  the  Executive 
Council  to  provide  the  considerable  additional  funds  needed  for  carrying 
on  this  important  Department. 

Representations  were  consequently  again  made,  by  desire  of  His 
Royal  Highness  the  President,  to  the  Roval  Commission  for  the 
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Exhibition  of  1851,  in  December  1898,  with  the  result  that,  "  in  view 
of  the  existing  financial  position  of  the  Institute,"  a  special  grant  of 
£1000  was  made  by  the  Royal  Commission,  for  the  year  1898,  and  of  a 
like  sum  for  1899.  In  recommending  the  Commissioners  to  make 
these  grants,  their  Board  of  Management  reported  that  the  statements 
submitted  of  the  work  carried  out  in  the  Scientific  Department  in  the 
previous  three  years  "had  justified  the  annual  grant  which  the 
Commissioners  had  made  towards  its  maintenance." 

The  work  of  the  Department  having  still  further  increased  during 
1899,  the  Executive  Council  were  so  convinced  of  the  importance 
of  securing  the  exclusive  services  of  Professor  Dunstan,  and  of 
making  further  indispensable  additions  to  the  staff  of  the  Scientific 
Department,  that  application"  was  made  to  the  Royal  Commission,  in 
December  1899,  for  the  continuance  of  an  additional  grant  supple- 
mentary to  the  annual  provision  of  £1000  already  made.  The 
subject  haying  received  careful  investigation  and  consideration  by  a 
Sub-Committee  appointed  from  its  Members  by  the  Board  of  Manage- 
ment, the  Commissioners,  in  May  1900,  resolved,  upon  the  recom- 
mendation of  the  Board,  to  continue  the  original  grant  of  £1000  per 
annum  for  a  second  period  of  five  years,  and  to  grant  a  further  sum  of 
£1000  per  annum  for  "a  period  of  three  years,  upon  the  condition 
that  this  money  be  devoted  solely  and  alone  to  the  expenses  of  the 
Scientific  Research  Department  and  no  other  objects ; "  and  subject 
to  a  report,  by  Sir  Henry  Roscoe  (a  member  of  the  Board  of 
Management),  on  the  work  of  the  Department  and  the  expenditure  of 
the  grants,  in  each  year. 

This  important  addition  to  the  resources  available  for  the  support  of 
the  Scientific  and  Technical  Department  enabled  the  Council  of  the 
Institute  to  secure  Professor  Dunstan 's  exclusive  services,  and  also  to 
strengthen  the  staff. 

A  considerable  proportion  of  the  reserve  fund  attached  to  this  Depart- 
ment has  been  devoted  to  the  fitting  up  of  additional  Laboratories 
and  to  the  provision  of  additional  fittings  and  appliances  in  other 
sections  of  the  Department,  which  now  occupies  the  entire  upper  floor 
of  the  west  wing  of  the  Main  Building. 

Representations  having  been  made  to  the  Government  of  India  that 
the  annual  grant  of  £100  was  quite  inadequate  to  meet  the  outlay  on 
apparatus,  materials,  etc.,  required  for  the  many  important  investiga- 
tions continuously  carried  out  in  connection  with  the  commercial 
utilisation  of  Indian  products,  an  additional  annual  grant  of  £100 
has  been  made. 

The  importance  of  promoting  an  acquaintance  throughout  the 
various  Departments  of  the  Government,  and  of  the  Government 
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Authorities  of  the  Colonies  and  Dependencies,  \vith  the  nature  and 
scope  of  operations  of  the  Institute's  Scientific  and  Technical  Depart- 
ment, and  of  securing  a  sympathetic  relationship  between  it  and  public 
representative  scientific  bodies,  led  the  Chairman  of  Council,  Lord 
James  of  Hereford,  to  propose  to  the  Council  the  appointment  of  an 
Advisory  Committee  in  connection  with  that  Department,  embracing, 
besides  selected  Members  of  the  Council,  representatives  of  Government 
Departments  directly  interested  in  the  development  of  the  field  of 
usefulness  of  the  Scientific  Department  :  and  also  representatives  of 
the  Royal  Society,  the  Chemical  Society,  and  the  Royal  Commission 
for  the  Exhibition  of  l^ol.  The  suggestion  being  warmly  received, 
Lord  James  approached  the  Secretaries  of  State  for  Foreign  Affairs, 
for  the  Colonies,  and  for  India,  and  the  President  of  the  Board  of 
Trade,  who  all  agreed  that  representatives  of  those  Departments 
should  be  associated  with  such  a  Committee.  Accordingly,  in  July 
1900,  this  Advisory  Committee  was  appointed  ;  it  included,  as  repre- 
sentatives of  the  Institute,  Lord  James  of  Hereford,  Sir  Frederick 
Abel,  Sir  Robert  Herbert,  Sir  J.  Wolfe  Barry  and  Sir  Horace  Tozer; 
besides  the  Head  of  the  Commercial  Department  of  the  Foreign  Office 
(Sir  Henry  Bergne),  the  Assistant  Under-Secretary  of  State  for  the 
Colonies  (Mr.  C.  P.  Lucas),  the  Head  of  the  Commercial  Department 
of  the  Board  of  Trade  (Sir  Alfred  Bateman),  and  the  Chairman  of  the 
Special  Committee  for  India  at  the  Imperial  Institute  (Sir  Steuart  C. 
Bay  ley).  Sir  John  Evans  and  Professor  T.  E.  Thorpe  were  respectively 
nominated  by  the  Royal  Society  and  the  Chemical  Society  to  represent 
those  bodies  upon  the  Committee,  and  Sir  Henry  E.  Roscoe  represented 
the  1851  Commissioners.  The  Council  approved  of  instructions  to  this 
Committee  to  the  effect  that  they  should  consider  the  measures  to  be 
carried  out  from  time  to  time,  for  applying  the  operations  of  the 
Scientific  Department  to  the  development  and  utilisation  of  the 
resources  of  the  Colonies  and  Dependencies  of  the  Empire,  and  for 
diffusing  information  acquired  through  the  agency  of  this  important 
branch  of  the  Imperial  Institute. 

In  the  summer  of  1901  this  Committee  considered  a  Memorandum, 
prepared  by  myself  and  the  Director  of  the  Scientific  and  Technical 
Department,  describing  the  organisation  and  operations  of  that 
branch  of  the  Institute,  with  some  of  the  results  of  its  work,  and 
indicating  directions  and  methods  by  which  the  scope  of  its  utilisation 
might  be  extended. 

It  was  suggested  that  the  Secretaries  of  State  for  Foreign  Affairs, 
for  the  Colonies,  and  for  India  be  approached  with  the  proposal 
that  this  Memorandum  should  be  communicated,  by  their  direction, 
to  the  Government  Authorities  in  the  Colonies  and  in  India,  and 
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to  the  Consular  Service,  whilst  the  Board  of  Trade  should  be  asked, 
by  publication  of  the  Memorandum  in  its  official  Journal,  to  assist 
in  promoting  an  acquaintance  of  public  bodies  and  commercial  com- 
munities in  this  country  with  the  existence,  nature,  and  objects  of 
this  Department.  These  suggestions  were  adopted,  and  the  repre- 
sentatives upon  the  Committee  of  the  several  Government  Depart- 
ments engaged  to  aid  in  securing  the  desired  action — with  the 
result  that  copies  of  the  Memorandum  were  sent  to  the  Colonial 
Governments  with  an  important  covering  Despatch  from  Mr.  Chamber- 
lain, and  also  throughout  the  Consular  Service  with  a  Despatch  from 
Lord  Lansdowne,  whilst  the  India  Office  circulated  copies  among 
Chambers  of  Commerce  and  other  public  bodies  in  India,  and  the 
Board  of  Trade  published  the  Memorandum  in  extenso  in  its  Journal. 

As  a  consequence  of  this  action,  a  variety  of  samples  of  raw  products 
have  been  received  by  the  Institute  for  investigation  and  commercial 
valuation  from  many  Colonies  which  had  not  hitherto  availed  them- 
selves of  the  services  of  the  Scientific  Department,  and  various  natural 
products  of  novelty  and  possible  importance  have  been  forwarded  to 
the  Foreign  Office  by  members  of  the  Consular  Service  in  different 
quarters  of  the  globe  for  transmission  to  the  Scientific  Department. 
The  increased  influx  of  subjects  for  experimental  investigation  has 
indeed  been  so  considerable  as  to  demand  a  further  extension  of  the 
staff  and  appliances  of  the  Department,  which  now  bids  fair  to  become, 
within  a  brief  period,  one  of  the  most  important  national  instruments 
for  promoting  the  development  of  the  resources  of  the  Colonies  and 
India  and  the  commerce  of  the  Empire ;  and  also,  by  co-operation 
with  the  Consular  Service,  for  bringing  to  the  notice  of  British 
merchants  and  manufacturers  such  natural  products  of  foreign 
countries  as  are  likely  to  be  serviceable  to  British  commerce. 

In  accordance  with  the  recommendations  in  the  Eeport  of  the 
Departmental  Committee,  appointed  by  the  Board  of  Trade  in  1897 
"to  enquire  into  and  report  upon  the  dissemination  of  commercial 
information  and  the  collection  and  exhibition  of  patterns  and  samples," 
a  Government  Office  for  the  supply  of  commercial  information  was 
established  by  the  Board  in  the  autumn  of  1898,  and  an  Advisory 
Committee  appointed  on  which  Professor  Dunstan  and  myself  were 
nominated  to  represent  the  Imperial  Institute.  This  new  establish- 
ment has  been  carrying  on  during  the  past  four  years,  Avork  of  steadily 
increasing  extent  and  importance,  upon  precisely  the  same  lines  as  that 
pursued  in  the  Commercial  Information  Department  of  the  Institute 
during  the  last  fourteen  years.  The  connection  which  is  now  estab- 
lished between  this  branch  of  the  Board  of  Trade  and  the  Scientific 
and  Technical  Department  of  the  Imperial  Institute,  has  obviously 
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resulted  in  .securing  to  it  very  important  advantages.  l»y  the  facilities 
thereby  afforded  for  dealing  efficiently  with  applications  for  inform- 
ation of  a  scientific  and  technical  character.  The  Board  of  Trade 
has  from  time  to  time  availed  itself  of  these  facilities,  which  have 
l>een  most  cordially  afforded,  in  the  case  of  special  enquiries  of 
that  character :  and  the  incorporation,  in  the  near  future,  of  the 
operations  of  the  new  Government  Establishment  with  this  Depart- 
ment of  the  Imperial  Institute  cannot  fail  to  result  in  its  much  more 
extensive  development  and  in  the  increased  importance  of  its  beneficial 
work  for  the  advancement  of  commerce  and  industries  throughout  the 
Empire. 

F.  A.  ABEL. 
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THE  technical  reports  and  scientific  papers  included  in  this  volume  are 
selected  from  among  the  more  important  of  those  which  have  emanated 
from  the  Scientific  and  Technical  Department  of  the  Imperial  Institute 
since  it  was  established  on  a  definite  footing  in  1896,  in  which  year  I 
became  its  first  Director.  Each  year  the  work  and  utility  of  the 
Department  has  increased,  and  at  the  present  time  it  occupies  an 
important  position  as  affording  the  means  of  obtaining  trustworthy 
scientific  and  technical  information  and  advice  with  reference  to  the 
development  of  the  natural  resources  of  India  and  the  Colonies  in  the 
interest  of  British,  as  well  as  of  Imperial,  commerce.  A  glance  at  the 
table  of  contents  Avill  show  how  widely  the  Department  has  been 
utilised  by  India  and  the  Colonies  for  the  purpose  of  ascertaining, 
chiefly  through  chemical  investigation  in  its  Laboratories,  the  com- 
position of  raw  products  of  all  kinds.  The  results  of  these  investiga- 
tions have  in  many  cases  suggested  possible  uses  for  the  products,  and 
these  suggestions  have  been  put  to  the  practical  test  by  manufacturers 
and  others  who  act  as  expert  Referees  to  the  Department,  and  finally 
commercial  uses  for  the  materials  have  been  defined  and  their  com- 
mercial value  in  the  English  and  other  markets  ascertained. 

The  Department  has  also  been  the  means  of  suggesting  improve- 
ments in  existing  methods  of  manufacture  and  in  the  application  of 
science  to  the  industries  of  India  and  the  Colonies. 

The  value  of  a  central  organisation  in  London,  in  communication 
with  the  chief  British  manufacturers,  merchants  and  brokers,  directed 
to  the  examination  and  valuation  of  commercial  products  has  been 
quickly  recognised,  and  each  year  since  its  establishment  the  work  of 
the  Department  has  shown  a  significant  increase. 

A  few  words  may  be  said  in  explanation  of  the  organisation  of  the 
Department  and  its  methods  of  work.  The  Laboratories  for  chemical 
investigation  now  entirely  occupy  the  upper  floor  of  the  West  Wing  of 
the  Imperial  Institute.  The  Staff  at  present  consists  of  ten  assistants, 
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who  are  allotted  respectively  to  one  or  other  of  the  different  classes  of 
products  under  examination,  viz.  Minerals,  Coal  and  Petroleum,  etc., 
Fibres,  Medicinal  Plants,  Tanning  Materials,  Gums,  Feeding-stuffs,  Oils 
and  Resins,  Indiarubber  and  Gutta  Percha,  etc.,  etc.  In  some  cases  emi- 
nent specialists  have  assisted  the  Department  by  undertaking  the  inves- 
tigation of  special  subjects,  and  have  been  provided  with  material  for 
the  purpose.  Thus  Professor  Church  has  conducted  the  analyses  and 
has  ascertained  the  nutritive  value  of  the  principal  food-grains  of  India ; 
Professor  Hummel  and  Mr.  A.  G.  Perldn,  of  the  Dyeing  Department 
of  the  Yorkshire  College,  Leeds,  have  examined  the  colouring  matters 
of  various  Indian  dye-stuffs ;  Mr.  Herbert  Stone  and  Mr.  Allan  Han- 
some  have  examined  the  characteristics  of  Indian  and  Colonial  timbers, 
and  Professor  Unwin,  F.K.S.,  has  ascertained  their  mechanical  proper- 
ties by  a  series  of  important  experimental  trials ;  and  Dr.  Gordon 
Parker  of  the  Bermondsey  Institute  has  conducted  practical  trials  of 
new  tanning  materials. 

The  Department  is  also  indebted  to  a  number  of  the  principal 
manufacturers  in  this  country  who  have  lent  their  assistance  in 
determining  the  technical  value  of  materials  which  have  been  pre- 
viously submitted  to  chemical  investigation  in  the  Laboratories. 

Finally,  some  of  the  best-known  merchants  and  brokers  in  this 
country  have  reported  on  the  commercial  value  of  materials  in  the 
light  of  the  results  of  their  chemical  investigation  and  technical  trial. 

A  few  illustrations  of  the  commercial  importance  of  the  results  of 
the  work  may  be  given  here. 

(«)  The  examination,  in  the  Department,  of  Indian  plants  likely  to 
be  suitable  as  vegetable  tanning  agents  now  largely  in  demand,  pointed 
to  the  conclusion  that  several  would  probably  be  useful  to  European 
tanners.  One  of  these,  Ccesalpinia  digyna,  was  submitted  to  complete 
chemical  investigation  with  very  promising  results.  Tanning  trials 
were  next  made  on  the  large  scale  by  one  of  the  tanning  experts 
attached  to  this  Department,  whose  results  confirmed  the  conclusion 
that  a  valuable  tanning  agent  had  been  found.  On  the  publication  of 
the  report  on  the  subject,  which  was  widely  noticed  in  technical 
journals,  a  demand  almost  at  once  arose  for  the  material  in  England, 
on  the  Continent,  and  in  America,  and  the  authorities  in  India  are  now 
arranging  for  the  commercial  supply. 

(6)  A  plant  abundant  in  India  (Podophyllum  Emodi)  was  found  on 
chemical  investigation  in  this  Department  to  furnish  the  same  con- 
stituents as  the  well-known  drug  of  American  origin,  Podophyllum 
peltatum.  The  co-operation  of  physicians  at  St.  Thomas's  Hospital  was 
secured,  and  preparations  of  the  plant  were  extensively  tried  as  a  drug 
and  found  to  be  as  valuable  as  those  made  from  the  American  plant. 
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A  considerable  demand  now  exists  for  the  plant,  which  has  been 
officially  recognised  by  the  Indian  Medical  Department,  and  arrange- 
ments are  being  made  in  India  for  a  regular  commercial  supply. 

(?)  The  same  practical  result  has  followed  from  the  chemical  in- 
vestigation of  a  plant  abundant  in  the  Egyptian  desert  (Hyoscyamus 
muticus)  for  which  a  commercial  demand  as  a  drug  has  also  arisen. 

(d)  The  quality  of  the  entire  series  of  Indian  Coals  has  been  experi- 
mentally ascertained.     These  represented  the  principal  coal-seams  of 
India,  and  the  report  has  been  in  large  request  both  in  this  country  and 
in  India.   It  has  now  been  issued  as  an  official  paper  by  the  India  Office. 

(e)  The  cause  of  the  poisonous  effects  produced,  at  certain  stages  of 
their  growth,  on  horses  and  cattle  by  certain  food  grains  and  fodder 
plants  of  India  and  the  Colonies  has  been  completely  investigated,  and 
the  nature  of  the  poison  and  the  conditions  of  its  occurrence  determined. 

(/)  The  chemical  composition  of  indiarubber  of  various  kinds, 
derived  from  the  Colonies  which  do  not  at  present  share  in  this  trade, 
has  been  determined  experimentally,  and  on  the  basis  of  these  results 
commercial  valuations  have  been  obtained,  and  in  some  instances  sales 
of  consignments  of  the  material  have  been  effected. 

(g)  Collections  of  minerals  from  British  Central  Africa,  from  Somali- 
land  and  from  Northern  and  Southern  Nigeria  have  been  chemically 
examined.  In  certain  cases  where  it  seemed  desirable,  minerals  have 
been  subjected  to  technical  trial  on  the  large  scale  by  manufacturers, 
and  commercial  quotations  for  the  products  obtained.  In  one  instance 
arrangements  are  being  made,  through  this  Department,  for  the  working 
of  mineral  deposits  in  the  Colonies  by  English  firms. 

(fi)  The  quality  of  leather  tanned  in  several  of  the  Colonies  has 
been  experimentally  investigated,  and  with  the  aid  of  experts  its 
suitability  for  the  English  market  has  been  ascertained  and  suggestions 
made  for  its  improvement. 

(i)  The  chemical  composition  of  certain  oil-yielding  nuts  sent  by 
British  Consuls  in  Brazil  and  Portuguese  South  Africa,  and  from  British 
Honduras,  has  been  investigated  and  their  properties  brought  under 
the  notice  of  British  manufacturers  and  brokers.  In  some  cases 
arrangements  are  being  made  for  consignments  of  the  products  to  be 
sent  to  this  country. 

(j)  Scientific  and  technical  information  has  been  supplied  as  to  the 
curing  of  tobacco  (Bermuda),  the  working  of  mica  deposits  (Southern 
Nigeria),  the  suitability  of  iron  ores  for  smelting  (India),  the  production 
of  wood-pulp  (Natal),  the  cultivation  of  Indian  hemp,  and  many 
similar  subjects.  It  will  be  seen  that  the  results  of  the  work  of  the 
Department  are  often  of  as  much  importance  to  British  commerce  as 
to  that  of  the  countries  immediately  concerned. 
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During  the  last  six  years  more  than  one  hundred  and  sixty  subjects 
have  been  investigated  in  the  Laboratories  of  the  Department,  and  after- 
wards referred  to  technical  and  commercial  experts ;  and  finally  reports, 
including  the  commercial  aspects  of  the  subjects,  forwarded  to  the 
Governments  of  India  and  the  Colonies.  Samples  of  products  have 
been  received  either  directly  from  the  respective  Governments  or 
through  the  India  Office,  the  Colonial  Office,  and  the  Foreign  Office 
from  the  following  countries : — India,  Canada,  Newfoundland,  British 
West  Indies,  British  Honduras,  Bermuda,  British  Guiana,  Mauritius, 
Cape  Colony,  Natal,  Transvaal  and  Orange  River  Colony,  Rhodesia, 
British  Central  Africa,  Somaliland,  British  East  Africa,  British  West 
Africa,  Seychelles,  Straits  Settlements,  Brunei,  New  Zealand,  Fiji, 
Victoria,  Tasmania,  Western  Australia,  New  South  Wales,  Queensland, 
Hong  Kong,  Ceylon,  Egypt,  Brazil,  Chile,  Germany,  Bulgaria,  Turkey, 
Denmark,  Grecian  Archipelago,  Portuguese  East  Africa,  California. 

During  the  last  two  years  the  Crown  Colonies  and  Protectorates 
have  made  extensive  use  of  the  facilities  afforded  by  the  Department 
in  accordance  with  the  suggestions  made  by  Mr.  Chamberlain  in  an 
important  Despatch  issued  from  the  Colonial  Office  to  all  the  Crown 
Colonies  in  July  1901.  A  copy  of  this  Despatch  is  appended  (see 
p.  xxii).  Similarly,  the  advice  and  assistance  of  the  Department  have 
been  recently  sought  by  British  Consuls  abroad  in  accordance  with  the 
suggestions  made  in  a  Despatch  issued  by  Lord  Lansdowne  from  the 
Foreign  Office  last  year,  in  which  it  was  suggested  that  our  Consuls 
should  submit  samples  of  products  likely  to  be  of  value  to  British 
trade  with  a  view  to  their  being  investigated  by  the  Department  and 
brought  to  the  notice  of  British  merchants  and  manufacturers. 

The  technical  reports  included  in  this  volume  relate  to  a  variety  of 
subjects,  and  include  some  which  involve  replies  to  comparatively 
simple  questions,  such  as  commercial  valuations  involving  little  or  no 
scientific  investigation,  whilst  others  depend  upon  the  results  of  a  pro- 
tracted chemical  investigation  and  an  extended  series  of  technical  trials. 
They  will  therefore  serve  to  indicate,  especially  to  departmental  officers 
in  India  and  the  Colonies,  the  wide  range  which  the  operations  of  the 
Department  cover.  It  may  be  stated  here  that  requisitions  for  enquiries 
by  this  Department  must  come  from  or  through  some  Department  of 
the  Indian  and  Colonial  Governments,  and  that,  except  under  special 
circumstances,  investigations  and  analyses  are  not  undertaken  at  the 
instance  of  private  individuals. 

Although  the  objects  of  the  Department  and  the  chief  aim  of  its 
work  and  operations  are  practical  and  commercial,  in  many  cases  these 
results  could  only  be  achieved  through  experimental  investigations, 
which  are  of  scientific  as  well  as  of  practical  importance.  In  several 
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instances  enquiries  have  been  further  pursued  on  account  of  the  im- 
portant scientific  data  they  were  likely  to  furnish.  The  scientific  work 
of  the  Department  has  been  chiefly  communicated  to  the  Royal  Society 
and  to  the  Chemical  Society,  and  the  principal  papers  are  now  reprinted 
from  the  Transactions  and  Proceedings  of  these  Societies. 

The  Appendix  contains  a  paper  on  the  "Coal  Eesources  of  India," 
which  embodies  a  Report  originally  made  to  the  Government  of  India 
in  1898.  It  includes  the  results  of  an  extensive  series  of  determinations 
carried  out  in  the  Department  of  the  composition  and  heating  power 
of  coals  representing  the  principal  coal  seams  of  India.  The  paper  was 
communicated  in  February  last  to  the  Indian  Section  of  the  Society  of 
Arts,  and  has  been  issued  since  as  an  official  publication  by  the  India 
Office.  The  reading  of  this  paper  gave  rise  to  an  important  discussion, 
which,  together  with  the  paper,  is  now  reprinted  from  the  Journal  oj 
the  Society  of  Arts.  With  the  kind  permission  of  the  India  Office,  a 
map  showing  the  Coal-fields  of  India  and  their  Railway  connections, 
which  originally  formed  part  of  the  Report,  is  included  with  this  paper. 

The  history  of  the  foundation  of  the  Department  has  been  recorded 
bv  the  late  Sir  Frederick  Abel  in  the  Preface  to  this  volume,  which 
was  written  just  before  his  sudden  death  in  September  last.  It  will 
be  seen  that  the  Department  owes  its  existence  to  grants  made  by  the 
Royal  Commission  of  the  1851  Exhibition,  which  are  still  continued. 
To  the  foresight  of  Lord  Playfair  it  is  chiefly  due  that  this  important 
action  was  first  taken  by  the  Royal  Commission.  The  financial 
difficulties  of  the  Institute  and  its  attempts  to  meet  them  by  providing 
popular  entertainments  are  well  known,  and  need  not  be  mentioned 
here  further  than  to  state  that  Lord  Playfair,  recognising  the  import- 
ance of  contributing  financial  support  to  a  genuine  attempt  to  make  the 
Institute  of  real  service  to  India  and  the  Colonies,  and  finding  that  no 
provision  could  be  made  for  the  new  Department  out  of  the  general 
fluids  of  the  Institute,  advocated  as  particularly  appropriate  to  this 
purpose  the  allocation  of  a  grant  from  the  income  arising  from  the 
results  of  the  Great  Exhibition  of  1851,  the  first  of  the  series  of 
exhibitions  designed  to  illustrate  and  promote  the  commercial  utilisation 
of  the  natural  resources  of  the  British  Empire.  The  important  assist- 
ance rendered  in  various  ways  by  the  Goldsmiths'  Company,  the  Salters' 
Company,  and  by  several  private  individuals  is  also  recorded  in  the 
Preface. 

The  organisation  and  development  of  the  work  of  the  Department, 
which  was  not  only  a  new  departure  in  the  history  of  the  Imperial 
Institute,  but  in  the  history  of  appb'ed  science  in  this  country,  has  been 
an  arduous  and  not  always  an  encouraging  task.  Its  success  and  the 
appreciation  its  work  has  met  with  generally  in  India  and  the  Colonies, 
and  especially  at  the  India  Office  and  the  Colonial  Office,  have,  however, 
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amply  compensated  for  the  pains  which  have  been  expended.  It  is 
gratifying  to  notice,  too,  that  both  in  Germany  and  in  France  similar 
Institutions  now  exist  in  Avhich  scientific  investigation  is  employed  as  a 
means  of  securing  the  commercial  utilisation  of  the  natural  products  of 
their  Colonies. 

I  cannot  let  this  opportunity  pass,  at  a  moment  when  the  existence 
of  the  Institute  as  a  separate  organisation  is  drawing  to  a  close,  of 
acknowledging  how  much  encouragement  the  Department  has  received 
in  its  infancy  from  those  responsible  for  the  government  of  the  Institute. 
As  Prince  of  Wales,  His  Majesty  the  King  took  a  keen  interest  in  the 
development  of  the  Department,  and  on  more  than  one  occasion 
rendered  it  important  service.  The  late  Lord  Herschell  as  Chairman 
of  the  Governing  Body  was  largely  instrumental  in  its  foundation,  and 
to  his  successor,  Lord  James  of  Hereford,  and  especially  to  the  late 
Lord  Playfair,  I  have  been  greatly  indebted  for  much  helpful  advice. 
Latterly  Sir  Henry  Roscoe,  as  a  member  of  the  Royal  Commission  for 
the  Exhibition  of  1851,  has  shown  great  interest  in  promoting  the  work 
and  welfare  of  the  Department. 

To  these  and  many  others,  and  above  all  to  a  zealous  and  enthusiastic 
Staff  of  Assistants,  is  due  such  success  as  the  Department  has  already 
achieved  as  a  pioneer  in  the  application  of  science  to  the  commercial 
development  of  the  natural  resources  of  India  and  the  Colonies  for  the 
benefit  of  their  own  trade  and  that  of  Great  Britain. 

To  Dr.  Henry  and  Mr.  Harold  Brown  my  thanks  are  especially  due 
for  the  great  assistance  they  have  rendered  me  in  preparing  this 
volume  for  the  press. 

WYNDHAM  K.  DUNSTAN. 

December,  1902. 


MR.    CHAMBERLAIN'S  DESPATCH. 

"Downing  Street, 

'"tftn  July,  1901. 

"Sia, 

"The  Executive  Council  of  the  Imperial  Institute  have  asked  that  the 
attention  of  the  Governments  of  the  Crown  Colonies  and  of  Public  Bodies  or 
Institutions  in  those  Colonies  may  be  called  to  the  work  which  is  being  done  by  the 
Scientific  and  Technical  Department  of  the  Institute,  and  I  am  glad  to  comply  with 
the  request. 

"2.  The  Department  in  question  has  for  seven  years  past  been  gradually  developed 
in  regard  to  its  resources  and  the  usefulness  of  its  work,  and  the  Royal  Commission 
for  the  Exhibition  of  1851  now  contributes  a  sum  of  £2000  per  annum  to  its  main- 
tenance. It  seems  therefore  to  be  a  matter  of  direct  interest  to  the  commerce  and 
industries  of  the  various  parts  of  the  British  Empire  that  its  existeuce  and  the 
facilities  which  it  affords  should  be  well  and  widely  known.  With  this  object  the 
enclosed  Memorandum  (see  p.  xxiv)  giving  illustrations  of  the  work  has  been 
drawn  up,  and  I  commend  it  to  your  notice. 
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'•  3.  It  may  be  of  some  guidance  to  your  Government  to  know  how  far  the  Imperial 
Institute  is  utilised  by  the  Government  of  India,  and  I  have  ascertained  that  the 
following  arrangements  are  in  force. 

"  There  is  in  India  a  Director  of  Economic  Enquiries— a  botanist  by  profession — 
who  works  under  the  Revenue  Department  of  the  Indian  Government.  He  has  been 
placed  in  direct  communication  with  the  Authorities  of  the  Imperial  Institute,  and 
it  is  his  duty  (so  far  as  the  Imperial  Institute  is  concerned)  to  forward  to  the  Curator 
of  the  Indian  Section  from  time  to  time  specimens  of  the  products,  natural  or  manu- 
factured, of  India.  These  are  duly  named  and  classified  before  leaving  India, 
references  to  their  description  in  the  Indian  Dictionary  of  Economic  Products  are 
given,  and  if  there  is  anything  new  or  specially  worthy  of  enquiry  about  them,  it  is 
made  the  subject  of  correspondence  with  the  Curator  or  other  of  the  Imperial 
Institute  authorities.  The  Curator  on  receipt  of  the  specimens  has  a  sample  ex- 
hibited in  the  show  cases  in  the  Indian  gallery,  and  stores  the  bulk  of  the  specimen 
so  that  it  can  at  any  time  be  examined  and  handled  by  commercial  men  and  other 
persons  interested.  Certain  of  the  specimens  sent  from  India  are,  either  at  the 
instance  of  the  Indian  Government  themselves  or  otherwise,  made  the  subject  of 
chemical  investigation,  and  sometimes  of  industrial  and  commercial  enquiry,  by  the 
Scientific  and  Technical  Department  of  the  Imperial  Institute  under  Professor 
Dunstan,  F.R.S.,  and  the  results  of  these  enquiries,  after  being  recorded  at  the 
Institute,  are  reported  back  to  India,  whose  Economic  Director  makes  them  available 
to  the  public  and  brings  them  to  the  knowledge  of  the  local  Governments  in  their 
Agricultural  Departments,  of  the  Chambers  of  Commerce,  and  of  Agricultural 
Societies,  by  publishing  them  in  the  Agricultural  Ledger  which  comes  out  at  frequent 
intervals. 

"A  summary  of  the  work  done  for  India  by  the  Scientific  and  Technical  Depart- 
ment is  also  appended  to  the  annual  report  of  the  Indian  Committee  of  the 
Imperial  Institute,  which  is  sent  by  the  Secretary  of  State  to  the  Government  of 
India  and  is  laid  before  Parliament. 

• '  i.  In  my  Circular  despatch  of  the  30th  of  March  last  I  called  your  attention  to 
the  recently  established  Commercial  Intelligence  Branch  of  the  Board  of  Trade,  and 
in  the  7th  paragraph  of  that  despatch  I  stated  that  '  arrangements  have  already  been 
made  with  the  Imperial  Institute  to  co-operate  in  giving  information  with  regard  to 
enquiries  of  a  technical  character.'  My  present  despatch  is  therefore  the  complement 
of  the  earlier  one,  being  designed  to  call  attention  to  the  Agency  which  co-operates 
with  and  supplements  the  Commercial  Intelligence  Office. 

"  5.  In  doing  so  I  am  not  for  a  moment  suggesting  that  the  valuable  aid  of  the 
Director  of  Kew  Gardens  should  not  be  sought  as  freely  and  fully  as  it  is  at  present, 
but  there  are  enquiries,  involving  chemical  analysis  and  investigation,  which  it  is 
impossible  for  Sir  W.  Thiselton-Dyer  and  his  Staff  to  undertake.  In  connection 
with  such  enquiries  the  Scientific  and  Technical  Department  of  the  Imperial  Institute 
clearly  supplies  a  want,  and  its  laboratories  are  intended,  equipped,  and  manned  for 
the  express  purpose  of  investigating,  analysing,  recording,  and  advising  as  to  the 
economic  resources  of  all  parts  of  the  Empire.  I  consider  that  it  would  be  regrettable 
if  the  facilities  thus  offered  were  not  known  and  utilised. 

' '  6.  How  best  to  attain  this  object,  and  whether  there  should  be  in  the  Colony  a 
special  officer  in  direct  communication  with  the  Imperial  Institute,  I  must  leave  to 
your  discretion. 

"  I  have  the  honour  to  be, 

"  Sir, 
"  Your  most  obedient,  humble  Servant. 

"J.    CHAMBERLAIN.' 


Illustrations  of    Reports    made    since    1896   by 

the  Scientific  and  Technical  Department 

of  the  Imperial  Institute, 

chiefly  at  the  request  of  the  Indian  and  Colonial  Governments  and 
Dependencies  and  of  the  British  Consuls  in  Foreign  Countries,  based 
upon  experimental  investigations  conducted  in  the  Laboratories  of  the 
Department  and  on  the  opinions  of  Scientific,  Technical  and  Com- 
mercial Referees  attached  to  the  Department. 

(Enclosure  referred  to  in  Mr.  Chamberlain's  Despatch  of  July  1901, 
with  additions  to  the  end  of  1902.) 

INDIA. 

(For  further  particulars  see  "Parliamentary  Returns  of  the  Imperial 
Institute,  Indian  Section,"  Eyre  and  Spottiswoode,  London.) 

Aconites. — A  chemical  examination  has  been  made  of  the  con- 
stituents of  the  principal  varieties  of  aconite  indigenous  to  India. 
The  medicinally  active  constituent  of  each  has  been  examined,  its 
chemical  composition  and  properties  defined,  and  its  exact  medicinal 
action  ascertained.  Several  papers  on  the  subject  have  been  already 
published  relating  to  Aconitum  ferox,  Aconitum  heterophyllum,  and 
Aconitum  Fischeri. 

Tobacco. — A  consignment  of  specially  prepared  tobacco  was  sent 
from  Tirhoot  for  chemical  analysis  and  commercial  valuation  with  a 
view  to  the  satisfactory  sale  of  the  consignment.  The  results  of  the 
analysis,  together  with  a  sample  of  the  tobacco,  were  submitted  to  a 
number  of  tobacco  manufacturers  and  brokers  and  the  consignment 
was  afterwards  sold  at  a  fair  price. 

Arrangements  are  now  being  made  for  a  systematic  examination  of 
the  different  tobaccos  grown  in  India  with  a  view  to  the  improvement 
of  certain  varieties,  and  samples  from  Assam  have  been  recently 
received. 

Opium. — A  detailed  enquiry  is  being  conducted  as  to  the  quality  of 
the  opium  produced  in  the  different  opium  districts  of  India.  It  originated 
in  a  request  for  a  chemical  examination  of  opium  specially  grown  in 
Jeypore,  which  proved  to  contain  much  less  morphine  and  far  more 
narcotine  than  is  usually  present  in  the  best  Turkey  opium  medicinally 
employed  in  this  country. 

The  same  peculiarity  is  shown  by  most  of  the  opium  produced  in 
India,  and  the  question  is  being  fully  investigated  with  the  view  of 
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ascertaining  the  cause  of  this  difference  in  Indian  as  compared  with 
Turkey  opium  and  the  possibility  of  improving  the  Indian  product. 

If  Indian  opium  could  be  produced  richer  in  morphine,  there  is  no 
reason  why  it  should  not  be  medicinally  employed  in  Europe,  instead 
of  Turkey  opium  ;  and  also  used  as  a  source  of  morphine  and  other 
alkaloids. 

Podophyllum. — A  complete  chemical  examination  has  been  made 
of  the  constituents  of  the  Indian  podophyllum  (Podophyllum  Emodi}. 
It  has  been  shown  in  a  paper  communicated  to  the  Chemical  Society  that 
its  constituents  are  identical  with  those  of  American  podophyllum  (Podo- 
phyllum peltntum)  which  is  largely  employed  in  medicine,  both  in  this 
country  and  throughout  Europe.  The  exact  chemical  nature  of  the 
medicinally  active  constituents  has  been  ascertained,  and  they  are  shown 
to  be  present  to  a  greater  extent  in  the  Indian  podophyllum  than  in  the 
American. 

Medical  trial  has  completely  substantiated  the  results  of  the  chemical 
enquiry.  It  is  proved  that  this  plant,  which  is  abundant  in  India,  is 
more  efficient  than  the  American  podophyllum  at  present  employed, 
and  the  plant,  and  medicinal  preparations  made  from  it,  have  now 
been  included  in  the  "  Indian  and  Colonial  Addendum  to  the  British 
Pharmacopeia." 

Incidentally,  it  was  discovered  that  the  Indian  plant  also  contains 
a  yellow  dye  which  might  be  profitably  employed  in  dyeing ;  being,  in 
fact,  identical  with  the  colouring  matter  of  the  well-known  dye-stuff, 
quercitron  bark. 

Jute. — An  extensive  series  of  samples  of  jute,  collected  at  different 
stages  of  growth  and  treated  under  various  conditions,  has  been  investi- 
gated with  the  view  of  securing  greater  uniformity  in  the  quality  of 
Indian  jute  fibre. 

A  new  variety  of  Indian  jute  having  been  offered  on  the  London 
market  a  sample  was  obtained  for  chemical  analysis  which  showed  that 
the  material  was  of  superior  quality. 

A  sample  of  so-called  Bimlipatam  jute,  offered  on  the  London  market, 
was  also  examined,  a  specimen  having  been  secured  from  a  large  firm 
of  fibre  brokers.  The  chemical  analysis  proved  the  sample  to  be  of 
good  quality. 

As  little  appeared  to  be  known  in  India  concerning  the  botanical 
origin  of  these  two  fibres,  a  report  on  their  characteristics  has  been 
forwarded  with  a  view  to  their  identification,  and,  if  possible,  to  an 
improvement  in  their  quality. 

Edible  Gums. — A  chemical  examination  has  been  made  of  several 
Indian  gums  which  seemed  likely  to  be  of  commercial  value  as  sub- 
stitutes for  gum  arabic.  The  results,  together  with  samples  of  the 
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gums,  were  submitted  to  brokers  in  this  country  who  reported  on  their 
commercial  value,  and  already  there  have  been  commercial  enquiries  for 
these  gums  by  manufacturers. 

Iron  Ores. — Chemical  analyses  have  been  made  of  a  number  of 
specimens  of  Indian  iron  ores,  chiefly  magnetite,  obtained  from  the 
Salem  district  of  Madras.  The  results  have  given  rise  to  an  important 
discussion  as  to  the  possibility  of  the  ores  being  profitably  smelted  in 
India. 

Coal. — A  chemical  and  technical  examination  has  been  made  of 
representative  samples  of  coal  obtained  from  the  principal  coal  dis- 
tricts of  India,  including  many  in  which  the  seams  are  not  actively 
worked  at  present.  A  full  report  on  the  composition  and  characters 
of  the  different  varieties  of  Indian  coal  has  been  made,  and  this  was 
issued  as  a  separate  paper  by  the  India  Office.  The  report  is  now 
included  in  a  paper  on  the  "  Coal  Resources  of  India,"  read  before  the 
Society  of  Arts  (Journal  of  the  Society  of  Arts,  March  1902),  which 
has  also  been  put  on  sale  by  the  India  Office.  It  includes  a  map  of 
the  coal-fields  and  their  railway  communications. 

Food  Grains. — All  the  more  important  Indian  food-grains  are 
being  submitted  to  a  complete  chemical  examination,  and  already  a 
number  of  reports  dealing  with  their  composition  and  nutritive  value 
have  been  made. 

Fibres. — A  large  number  of  Indian  fibres  have  been  chemically 
examined  and  afterwards  submitted  to  fibre  experts.  The  results  have 
been  communicated  to  the  Indian  Government,  so  that  suitable  action 
might  be  taken  in  those  cases  in  which  it  seems  desirable.  Among  the 
fibres  are  Pine-apple,  Sabai,  Tacca,  Madar,  Ban  Rhea,  the  fibre  of  Phwnix 
paludosa,  Urtica  heterophylla,  and  the  floss  of  Calotropis  procera. 

Timbers. — The  mechanical  properties  of  Pyinma  wood  have  been 
carefully  tested  with  a  view  to  its  application  in  engineering  and 
building  construction. 

Tanning  Materials. — A  systematic  chemical  examination  is  being 
made  of  the  principal  plants  now  used,  as  well  as  those  which  seem 
likely  to  be  applicable,  in  tanning.  Those  Avhich  prove  to  be  rich  in 
tannin  are  afterwards  submitted  for  trial  in  the  tanyards.  In  this 
way  a  large  number  of  astringent  plants  are  being  investigated,  and 
reports  on  the  tanning  value  of  the  following  classes  have  already  been 
made  : — Myrobalans,  Mangroves,  and  the  Ccesalpinias.  In  connection 
with  the  Csesalpinias  attention  Avas  drawn  to  the  -value,  confirmed  by 
tanning  trials  on  the  large  scale,  of  the  pod-cases  of  Ccesalpinia  digyna, 
for  which  a  commercial  demand  has  now  arisen. 

At  the  instance  of  the  Indian  Government  the  question  of  the  best 
method  of  preparing  extracts  of  certain  tanning  agents  is  being 
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carefully  enquired  into,  with  the  object  of  rendering  available  the 
enormous  supply  of  astringent  plants  which  are  abundant  in  the  forests 
of  India. 

Much  interest  in  this  matter  has  been  shown  by  tanners  in  this 
country,  and  the  whole  subject  promises  to  lie  a  most  important  one 
from  a  commercial  point  of  view. 

Edible  Oils. — An  extensive  .series  of  samples  of  the  principal 
edible  oils  of  India  having  been  made  under  the  direction  of  Dr.  Watt, 
each  oil  has  been  subjected  to  systematic  chemical  examination  and 
compared  with  oils  of  the  same  type  which  command  a  ready  sale  in 
this  country.  The  composition  and  chief  properties  of  these  oils  have 
now  been  put  on  record  and  many  of  them  are  likely  to  be  commercially 
important. 

Dye-stuffs. — A  complete  examination  is  being  made  of  the  princi- 
pal Indian  dye  materials.  An  account  of  the  dyeing  properties  of 
a  number  of  these  has  been  already  given,  whilst  the  constituents  of 
"Kamala"  have  been  investigated  and  a  description  of  its  adulterants 
provided,  which  it  is  hoped  will  lead  to  the  export  from  India  of  this 
dyeing  material  in  a  purer  condition. 

Medicinal  Plants. — It  is  most  important  that  the  numerous  plants 
abundant  in  India  and  held  there  in  high  repute  as  medicinal  agents 
should  be  completely  investigated,  lx>th  as  regards  their  principal 
constituents  and  their  medicinal  value.  It  has  been  shown  by  an 
examination  of  an  Indian  henbane,  Hyoscyamus  muticus,  that  this 
plant  contains  a  valuable  alkaloid  (hyoscyaniine)  in  a  form  in  which  it 
can  be  more  readily  isolated  than  from  the  other  plants  which  are  now 
employed  for  this  purpose. 

The  constituents  of  Indian  hemp  are  also  being  examined  with  the 
object  of  ascertaining  the  cause  of,  and,  if  possible,  of  providing  a 
remedy  for,  the  rapid  deterioration  in  quality  which  this  drug  under- 
goes when  stored. 

A  number  of  samples  of  Indian  kino  have  been  examined  and 
reports  as  to  their  commercial  value  obtained.  Suggestions  have 
been  made  for  the  better  collection  and  export  of  the  drug  to  this 
country. 

A  chemical  examination  has  been  made  of  a  small  sample  of  the 
seeds  of  Strythtios  Rheedii  and  a  preliminary  report  has  been  fur- 
nished. The  results  of  this  examination  show  that  the  seeds  contain 
brucine,  but  no  strychnine. 

Rubber  and  Gutta  Percha. — A  chemical  examination  is  being 
made  of  the  constituents  of  the  latices  which  furnish  these  products, 
and  also  of  similar  latices  yielding  possible  substitutes  for  rubber  and 
gutta  percha.  A  chemical  examination,  supplemented  by  commercial 
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valuation,  has  been  made  of  various  samples  of  rubber  produced  in 
India,  with  a  view  to  their  improvement. 

Minerals. — A  number  of  samples  of  mica  have  been  forwarded 
from  Jeypore  with  the  object  of  ascertaining  their  fitness  for  the  various 
purposes  for  which  mica  is  industrially  employed.  The  samples  were 
judged  to  be  inferior  and  the  authorities  of  Jeypore  have  been  provided 
with  a  complete  statement  of  the  quality  and  character  which  mica 
should  possess  in  order  to  command  a  satisfactory  price  in  the  English 
market. 

A  large  number  of  specimens  of  limestone,  chiefly  from  Madras, 
have  been  submitted  to  examination  in  order  to  determine  their  fitness 
for  use  in  the  smelting  of  iron. 

Samples  of  asbestos  have  been  submitted  to  chemical  examination 
and  commercial  valuations  have  been  obtained.  The  results  were 
reported  to  the  Indian  Government  with  suggestions  for  the  local 
utilisation  of  the  material. 

A  sample  of  graphite,  received  from  the  Central  Provinces,  was 
submitted  to  chemical  analysis  and  technical  trials  were  made  Avith  it. 

CANADA. 

Petroleum. — A  sample  of  crude  petroleum,  received  from  New 
Brunswick,  has  been  investigated  in  order  to  ascertain  its  quality  and 
commercial  value. 

Honey. — This  honey  was  chemically  examined  and  compared  with 
the  best  honey  sold  in  the  English  markets,  in  order  to  estimate  its 
suitability  for  sale  in  this  country.  The  result  was  not  wholly  favour- 
able and  defects  in  the  product  were  pointed  out  to  the  Board  of 
Agriculture.  These  have  now  been  remedied  and  large  shipments 
have  since  been  made  to  this  country. 

Sweet  Clover  Fibre. — A  sample  of  this  fibre,  stated  to  be  derived 
from  Melilotus  alba  or  sweet  clover,  which  is  very  plentiful  in  some 
districts  of  the  Province  of  Quebec,  was  forwarded  by  the  Minister 
of  Agriculture,  and  after  chemical  examination  it  was  submitted  to 
fibre  experts.  The  valuable  properties  of  the  fibre  were  pointed  out 
and  suggestions  made  for  its  utilisation. 

Methods  of  Grading  Wheat. — A  memorandum  on  the  methods 
in  use  on  the  Continent  for  grading  and  analysing  wheat  was  drawn 
up  for  the  guidance  of  Canadian  millers  who  had  applied  for  the 
information. 

Graphite. — Several  samples  of  graphite  Avere  submitted  to  brokers 
for  valuation  on  the  basis  of  the  results  of  chemical  analysis.  They 
proved  to  be  inferior  to  the  graphite  at  present  obtained  from  Ceylon. 

Felspar. — A  sample  from  a  IICAV  deposit  of  Canadian  felspar  Avas 
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analysed  and  shown  to  bo  soda  felspar1.  The  material  was  then 
successfully  tried  in  several  potteries,  and  consignments  of  the  felspar 
have  since  been  exported  to  this  country. 

Mica. — The  special  characteristics  of  Canadian  amber  mica  have 
been  investigated  and  its  value  and  uses  ascertained. 

Sumach. — The  chemical  constituents  of  this  plant,  which  is  abund- 
ant in  Canada,  have  been  examined  and  its  value  as  a  tanning  agent 
determined  by  actual  trial  in  a  large  tannery.  The  results  were  in 
some  respects  very  satisfactory  and  a  number  of  suggestions  were  made 
•he  cultivation  and  preparation  of  the  plant  for  use  in  tanning. 
The  report  was  illustrated  with  samples  of  leather  tanned  Avith 
sumach. 

Iron  Ore. — The  quality  of  a  sample  of  iron  ore  from  British 
Columbia,  and  of  the  pig  iron  prepared  from  it.  has  been  determined. 

NEWFOUNDLAND. 

Minerals. — The  composition  of  samples  of  iuematite  and  chrome 
iron  ore  has  been  determined  and  the  producers  were  brought  into 
communication  with  iron  manufacturers  in  this  country. 

Samples  of  coal  and  manganese  ore  have  also  been  examined. 

A  sample  of  a  new  variety  of  steatite  was  forwarded  for  analysis 
and  was  afterwards  submitted  to  buyers  of  the  mineral,  in  order  to 
draw  attention  in  this  country  to  the  existence  of  valuable  deposits  in 

Newfoundland 

BRITISH    WEST    INDIES. 

Chione  glabra. — The  bark  of  Chione  glabra  is  used  in  Trinidad 
as  a  drug.  The  precise  nature  of  the  active  principle  was  determined 
and  this  constituent  was  afterwards  prepared  artificially. 

Cassava. — With  the  co-operation  of  the  Imperial  Department  of 
Agriculture  for  the  West  Indies  the  roots  of  bitter  and  sweet  c, 
are  under  investigation  with  the  view  of  ascertaining  the  origin  and 
nature   of  the  poison  which  exists   in  the  plant  at  certain  stages  of 
growth. 

Carapa  Oil. — Carapa  oil  is  extracted  from  the  nuts  of  a  tree 
abundant  in  the  West  Indies.  A  full  report  on  the  chemical  composi- 
tion and  technical  value  of  a  sample  received  from  Trinidad  was 
furnished. 

Gru-Gru  Oil. — The  oil  obtained  from  the  kernels  of  the  gru-gru 
palm,  received  from  Grenada,  was  examined  chemically  and  its 
commercial  value  ascertained. 

Fibres. — A  sample  of  sisal  fibre,  grown  experimentally  in  the 
Royal  Botanic  Gardens,  Trinidad,  was  examined  in  order  to  determine 
its  comparative  value. 
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Three  fibres  from  Grenada,  Agave  rigida,  fiansevieria  zeylanica,  and 
Furcrcea  gigantea,  have  been  examined  and  their  value  ascertained. 

The  composition,  quality  and  nses  of  groo-groo  fibre,  grown  in  the 
Botanical  Gardens,  St.  Vincent,  have  also  been  determined. 

Timbers.— The  mechanical  properties  of  two  timbers  from  Mont- 
serrat  and  of  twenty-four  of  the  principal  timbers  of  Jamaica  have 
been  recorded. 

Coal. — The  quality  and  value  of  a  sample  of  coal  received  from 
Trinidad  has  been  determined  by  chemical  examination  and  technical 
trial. 

Copper. — Specimens  of  copper  ore  have  been  received  from  Jamaica 
for  examination. 

Clay. — A  sample  of  clay  received  from  St.  Vincent  has  been 
chemically  examined  and  its  value  and  uses  determined  by  technical 
trials  in  a  pottery. 

Manjak. — A  sample  of  this  substance  from  Barbados  was  examined 
and  a  report  upon  its  properties  and  commercial  uses  was  furnished. 
A  sample  from  Trinidad  has  also  been  received  for  examination. 

Wild  Nutmegs. — The  oil  obtained  from  wild  nutmeg  trees, 
growing  in  Trinidad,  has  been  examined  and  compared  with  that 
yielded  by  the  cultivated  varieties. 

Rubber. — Several  specimens  of  rubber  and  rubber-yielding  latices 
have  been  received  from  Trinidad  for  examination. 

Omphalea  megacarpa. — The  chemical  composition  and  medicinal 
action  of  the  oil  yielded  by  the  seeds  of  this  plant,  obtained  from 
Trinidad,  have  been  investigated. 

Sweet  Potato  Meal. — A  sample  of  this  meal  prepared  in 
Anguilla  has  been  forwarded  for  examination  with  a  view  to  the 
determination  of  its  nutritive  value. 

BRITISH   HONDURAS. 

Oil  Nuts. — A  small  sample  of  Cohune  nuts  was  examined  with  the 
view  of  ascertaining  a  commercial  use  for  the  oil  they  contain,  and  a 
report  upon  its  chemical  and  physical  characters  has  been  furnished. 
A  larger  quantity  has  since  been  forwarded  for  further  investigation. 

Timbers. — The  mechanical  properties  of  fifteen  of  the  principal 
timbers  have  been  recorded. 

BERMUDA. 

Tobacco. — A  consignment  of  tobacco,  experimentally  grown  and 
cured  in  Bermuda,  was  forwarded  for  chemical  examination  and  expert 
advice.  Samples  of  the  tobacco,  together  with  the  results  of  its 
chemical  analysis,  were  forwarded  to  several  well-known  tobacco 
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manufacturers.  A  report  on  the  material  has  been  made  and  sugges- 
tions offered  as  to  future  cultivation  and  preparation  of  the  leaf  with 
the  view  of  improving  the  quality  and  flavour  of  the  tobacco. 

Capsicums.— A  report  has  been  furnished  on  a  sample  of  the 
fruits  of  L'iip«>>'>im  Ixwfum,  grown  in  Bermuda,  Avith  commercial  valua- 
tions and  suggestions  for  the  sale  in  this  country. 

BRITISH   GUIANA. 

Timbers. — Twelve  different  timbers  have  been  examined  and  their 
mechanical  properties  recorded. 

Goupia  tomentosa. — The  use  of  the  hard  and  valuable  wood 
yielded  bv  this  tree  is  interfered  with  bv  its  verv  offensive  odour. 

IV  «/  - 

This  was  shown  to  be  due  to  the  presence  of  certain  volatile  organic 
acids  which  can  be  dissipated  by  heating. 

Mango  Bark. — A  sample  of  this"  bark  has  been  received  from 
Demerara  for  chemical  examination  and  the  determination  of  its 
tanning  value. 

MAURITIUS. 

Fodder  Plants. — Specimens  of  poisonous  food  grains  and  fodder 
plants  have  been  submitted  for  examination  in  order  to  ascertain  the 
nature  of  the  poisonous  constituents. 

CAPE  COLONY. 

Wines, — Chemical  analyses  have  been  made  of  selected  samples  of 
Cape  wines  and  they  were  then  submitted  to  an  expert.  The  causes 
of  the  defects  were  ascertained,  remedies  were  suggested,  and  recom- 
mendations made  for  the  improvement  of  the  wines  so  as  to  render 
them  more  readily  salable  in  Europe. 

Timbers. — Twenty-five  Cape  timbers  have  been  examined  and 
their  mechanical  properties  determined 

NATAL. 

Shale. — A  shale,  supposed  to  be  suitable  for  the  production  of  oil 
and  gas,  was  forwarded  for  chemical  examination.  A  second  sample 
has  since  been  received  for  further  investigation. 

Acacia  Woods  for  Pulp-manufacture.— The  suitability  of  the 
wood  of  two  species  of  acacia  (A.  deaJbata  and  A.  mollissivui}  for  con- 
version into  wood-pulp  for  paper-making  was  investigated.  These 
woods  were  converted  into  pulp  by  the  two  principal  processes  in  use 
for  this  purpose  and  commercial  valuations  of  the  wood  and  pulp  were 
obtained. 

Medicinal  Plants. — The  constituents  of  a  purgative  plant  were 
examined  and  shown  to  resemble  those  of  Jalap. 
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Timbers. — The  mechanical  properties  of  six  Natal  timbers  have 
been  determined. 

Ash  of  Natal  Aloes. — The  composition  and  possible  uses  of 
this  product  were  ascertained. 

Rubber. — The  chemical  properties  and  commercial  value  of  samples 
of  rubber  produced  in  Zululand  have  been  determined  and  suggestions 
were  made  to  improve  the  collection  of  the  material. 

TRANSVAAL  AND  ORANGE  RIVER  COLONY. 

Poisonous  Plants. — At  the  instance  of  the  \Var  Office  certain 
fodder  plants  and  grasses  which  have  proved  poisonous  to  horses  and 
cattle  in  South  Africa  have  been  collected  and  are  at  present  under 
investigation. 

RHODESIA. 

Tobacco. — Ten  samples  of  tobacco  have  been  submitted  for  chemical 
examination  and  commercial  valuation  with  the  object  of  ascertaining 
the  quality  of  the  varieties  at  present  groAvn  and  the  possibility  of 
their  improvement. 

Rubber. — A  number  of  rubbers  and  rubber-yielding  latices, 
obtained  from  indigenous  plants,  have  been  received  for  examination. 

Cotton. — Samples  of  cotton  have  been  received  for  examination 
and  commercial  valuation. 

BRITISH  CENTRAL  AFRICA. 

Minerals. — Several  samples  of  coal  from  the  West  Shire  district 
and  Nyasaland  have  been  submitted  for  chemical  and  technical  ex- 
amination. Some  of  the  specimens  proved  to  be  of  excellent  quality. 

The  composition  of  a  number  of  pyritous  and  ferruginous  minerals 
has  been  ascertained  and  specimens  of  typical  rocks  from  several 
districts  have  been  identified. 

A  piece  of  rock-crystal  was  forwarded  for  examination  and  was 
pronounced  by  experts,  to  whom  it  was  submitted  after  chemical 
examination,  to  be  a  brilliant  specimen  of  this  material  which  is  largely 
used  in  optical  instruments. 

Another  sample  of  crystal,  which  proved  to  be  Iceland  spar,  was 
also  submitted.  Grood  specimens  of  this  are  highly  valued  by  manu- 
facturers of  optical  instruments,  and  suggestions  were  made  regarding 
the  collection  and  selection  of  the  material. 

Fibre. — A  sample  of  fibre,  prepared  from  an  indigenous  plant,  was 
submitted  to  chemical  examination  and  commercial  valuations  were 
obtained.  General  instructions  were  appended  to  the  report  as  to  the 
methods  by  which  fibres  should  be  collected  and  prepared. 

Kino. — A  sample  of  supposed  kino  was  submitted  for  chemical 
examination. 


ILLUSTRATIONS   OF   REPORTS   MADE    SINCE    1896.         XXxiii 

SOMALILAND. 

Mica. — Samples  of  mica  have  been  submitted  to  examination  and 
commercial  valuation  with  promising  results,  and  suggestions  have 
been  made  for  a  further  examination  of  the  deposits. 

BRITISH  EAST  AFRICA. 

Minerals. — The  composition  of  a  number  of  minerals  from  Uganda 
has  been  ascertained. 

Timbers. — A  technical  report  has  been  made  on  ten  samples  of 
wood  from  the  Malindi  district. 

Rubber. — Specimens  of  rubber,  and  of  the  plants  from  which  they 
were  obtained,  have  been  forwarded  from  Nairobi  and  Shimba  for 
examination. 

Tanning  Materials. — A  sample  of  bark,  received  from  Pemba, 
and  a  sample  of  Makambai  root,  from  Zanzibar,  are  being  chemically 
examined  in  order  to  determine  their  value  as  tanning  agents. 

Indigo. — -A  sample  of  this  product,  from  Zanzibar,  has  been  examined 
with  the  view  of  ascertaining  its  commercial  value. 

Gutta  Percha. — The  fruit  of  a  plant,  received  from  Dunga,  Zan- 
zibar, furnishing  a  supposed  substitute  for  gutta  percha  has  been 
examined. 

Sericulture. — A  technical  report  has  been  furnished  on  the  pro- 
spects of  sericulture  in  Zanzibar. 

BRITISH  WEST  AFRICA. 

Gutta  Percha. — An  investigation  is  being  made  of  the  leaves  of 
the  Shea  Butter  Tree,  received  from  Lagos,  which  are  suggested  as  a 
possible  source  of  gutta  percha. 

Two  samples  of  gutta  percha  have  been  received  from  Southern 
Nigeria  for  chemical  analysis  and  commercial  valuation. 

Timbers. — A  technical  report  has  been  made  on  five  specimens  of 
Lagos  timbers. 

Fibres. — The  quality  and  commercial  value  of  seven  varieties  of 
fibres  from  Sierra  Leone  have  been  ascertained. 

Mica. — Several  samples  of  mica  were  forwarded  from  Southern 
Nigeria  for  examination  and  expert  opinion.  A  report  on  the  quality 
and  commercial  value  of  the  product  has  been  communicated  to  the 
authorities  and  suggestions  made  as  to  future  explorations  of  the 
deposits. 

Gum. — A  sample  of  supposed  copal  gum,  from  Southern  Nigeria, 
has  been  submitted  for  chemical  examination. 

Minerals. — A   number   of    specimens,    representing    the   mineral 
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deposits    of    Northern    Nigeria,    have   been    submitted    to   chemical 
examination. 

Tin  Ore. — The  chemical  composition  of  a  sample  of  tin  ore  from 
Northern  Nigeria  has  been  determined,  with  a  view  to  the  utilisation 
of  the  deposits. 

SEYCHELLES. 

Rubber  and  Coprah. — A  sample  of  rubber  is  under  investigation ; 
also  a  sample  of  coprah  and  other  natural  products. 

STRAITS  SETTLEMENTS. 

Poisonous  Plants. — Several  fodder  plants  and  food  grains,  re- 
ported to  be  poisonous  under  certain  conditions,  are  being  investigated. 

Gutta  Percha, — Six  samples  of  different  varieties  of  gutta  percha 
are  being  investigated  and  their  commercial  value  ascertained.  The 
leaves  of  one  of  the  trees  are  also  being  examined  with  a  view  to  their 
utilisation  as  a  source  of  gutta  percha. 

BRUNEI. 

Gutta  Percha. — A  sample  of  a  variety  of  gutta  percha  received 
from  H.B.M.  Consul  at  Brunei  is  being  chemically  examined  and  the 
opinions  of  experts  ascertained  as  to  its  commercial  value. 

NEW  ZEALAND. 

Minerals. — Samples  of  iron  ore,  limestone,  greenstone,  jet  and 
jasper  have  been  examined. 

The  suitability  of  samples  of  sand  for  glass-making  has  been  deter- 
mined by  chemical  analysis  and  technical  trial. 

A  sample  of  clay  was  chemically  examined  and  technical  trials  of 
its  value  in  pottery  manufacture  were  also  made.  The  results  show 
that  the  material  is  likely  to  be  of  use  as  a  fire  clay  and  for  the 
manufacture  of  earthenware. 

FIJI. 

Vegetable  Products. — An  aromatic  bark,  a  fibre  and  a  sample 
of  edible  oil  were  submitted  for  examination.  The  composition  and 
commercial  value  of  these  have  been  ascertained  and  communicated  to 
the  Colony. 

A  report  on  the  value  and  commercial  properties  of  banana  meal  is 
being  prepared. 

VICTORIA. 

Perfumes. — A  preliminary  chemical  examination  of  a  series  of 
essential  oils  and  essences  from  the  Government  Flower  Farm,  Dunolly, 
has  been  made. 

Fibres. — Thirty -two  fibres  grown  experimentally  in  the  Melbourne 
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Botanical    Gardens    were     examined    and    their    commercial    value 
ascertained. 

Meat  Extract. — A  sample  of  meat  extract  was  submitted  for 
examination. 

Coal. — Chemical  analyses  have  been  made  of  three  samples  of 
brown  coal. 

TASMANIA. 

Timbers. — The  mechanical  properties  of  three  timbers  have  been 
determined. 

WESTERN  AUSTRALIA. 

Water. — Three  samples  of  water  taken  from  the  "Perth  Station 
Yard  Bore  "  were  submitted  for  analysis  and  report. 

Coal. — A  chemical  analysis  and  technical  examination  of  coal  from 
the  Wallsend  Colliery  of  the  Collie  Coal  Field  has  been  made. 

Varnish  Resin. — The  constituents  of  the  resin  derived  from 
Callitris  verrucosa  have  been  examined  and  their  properties  closely 
compared  with  those  of  sandarac  in  order  to  determine  the  precise 
value  of  this  resin  for  the  manufacture  of  varnish. 

Poisonous  Plants. — An  enquiry  is  being  made  into  the  cause  of 
the  poisonous  properties  of  certain  indigenous  plants  which  have 
proved  fatal  to  cattle. 

Xanthorrhcea  Resin. — Several  specimens  of  this  resin  have  been 
examined  chemically  and  their  commercial  uses  ascertained. 

NEW  SOUTH  WALES 

Cotton. — An  examination  of  a  sample  of  this  material  has  shown 
that  most  satisfactory  cotton  can  be  produced  in  the  Colony. 

Sisal  Fibre. — The  composition  of  a  sample  of  sisal  fibre  was 
determined  and  very  favourable  commercial  valuations  were  received. 

Meat  Preservative. — The  value  of  an  antiseptic  material  pro- 
posed for  use  on  a  large  scale  in  the  preservation  of  meat  has  been 
investigated. 

Leather. — The  suitability  of  samples  of  leather,  tanned  in 
South  Wales,  for  use  in  making  military  saddlery  in  this  country  has 
been  carefully  investigated,  the  leather  being  examined  chemically 
and  expert  opinions  obtained.  The  defects  in  the  material  were 
ascertained  and  pointed  out  to  the  authorities  together  with  suggestions 
for  their  removal. 

Poisonous  Plants. — An  investigation  of  the  nature  of  the  poison 
of  the  fodder  plant  Lotus  austrcdis  is  proceeding. 

Medicinal  Plants. — The  bark  of  Zanthoxylum  brachyaranthum, 
which  is  reputed  to  possess  mechanical  properties,  is  being  submitted  to 
chemical  examination. 
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QUEENSLAND. 

Hides,  Skins  and  Leather. — These  samples  were  received  through 
the  Agent-General  from  the  Department  of  Agriculture  at  Brisbane, 
with  the  request  that  a  report  should  be  obtained  on  the  commercial 
value  of  the  skins,  which  had  been  cured  by  a  special  process.  In 
order  to  test  the  efficiency  of  the  curing  process,  samples  of  the  hides 
and  skins  were  tanned  and  the  leather  so  produced  was  submitted  to 
experts.  A  detailed  report  on  the  value  of  the  process  and  of  the 
leather  produced  was  furnished,  with  the  opinions  of  leather  experts 
and  brokers.  A  further  report  has  also  been  made  on  the  market 
in  this  country  for  various  types  of  Australian  leather. 

Divi-Divi  Pods. — The  pods  of  this  plant  (Ccesalpinia  coriaria) 
are  used  in  tanning.  The  Queensland  sample  was  analysed  and  found 
to  be  of  excellent  quality,  and  was  highly  valued  by  the  brokers  to 
whom  it  was  submitted. 

Wine. — The  quality  of  samples  of  wine  produced  in  the  Colony 
was  reported  upon. 

Resin. — An  enquiry  is  being  conducted  into  the  commercial  value 
of  a  Queensland  resin  resembling  the  Kauri  resin  of  New  Zealand. 

Fibres. — The  composition  and  uses  of  the  fibres  of  Hibiscus 
heterophylhis  and  Hibiscus  Sabdariffa  have  been  ascertained. 

Timbers. — The  mechanical  properties  of  seven  timbers  have  been 
determined  and  recorded. 

HONG  KONG. 

Tung  Oil. — The  composition  and  properties  of  tang  oil  (Chinese 
wood  oil)  were  determined  with  the  view  of  ascertaining  its  suitability 
for  the  manufacture  of  linoleum. 

CEYLON. 

Timbers. — The  mechanical  properties  of  twenty-two  of  the  princi- 
pal Ceylon  timbers  have  been  recorded. 

Kekuna  Oil. — The  chemical  composition  and  medicinal  action  of 
this  oil  have  been  investigated. 

Cocoa  Nut  Oil. — A  sample  of  this  oil,  purified  by  a  special 
process,  was  examined  and  its  composition  compared  with  that  of  the 
ordinary  product. 

Tea  Hair. — A  sample  of  this  material  has  been  examined  with  the 
view  of  ascertaining  its  value  as  a  source  of  caffeine. 

Gutta  Percha. — The  composition  and  properties  of  three  specimens 
of  gutta  percha  from  Palaquiuni  petiolare  have  been  determined,  and 
the  commercial  value  of  the  crude  and  purified  product  ascertained. 
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EGYPT. 

Poisonous  and  Medicinal  Plants. — The  nature  of  the  poison 
of  an  Egyptian  vetch  (Lotus  ar<if>icu*)  has  been  investigated  and 
proved  to  be  due  to  prussic  acid  formed  from  a  new  glucoside,  which 
has  been  named  lotusin,  present  in  this  plant.  The  glucoside  dis- 
appears as  the  seeds  ripen,  when  the  plant  becomes  non-poisonous 
and  can  be  used  as  fodder. 

An  examination  of  the  alkaloid  contained  in  fiyMeyomtu  mnf>>->.ig  and 
Datura  Stramonium  grown  in  Egypt  has  been  made.  Both  these 
plants,  the  former  especially,  are  shown  to  be  valuable  commercial 
sources  of  the  alkaloid  hyoscyamine,  and  are  now  being  exported  to 
this  country. 

Rubber. — A  chemical  examination  is  being  made  .of  samples  of 
rubber  and  gutta  percha  forwarded  from  the  Bahr-el-Ghazal. 

A  chemical  and  technical  examination  of  a  sample  of  rubber  from 
the  Soudan  has  been  carried  out  in  order  to  ascertain  its  quality  and 
commercial  value. 

Ambach  Wood. — A  sample  of  this  wood,  which  is  characterised 
by  extreme  lightness  and  buoyancy,  has  been  forwarded  from  the 
Bahr-el-Ghazal,  where  it  is  very  abundant,  for  the  purpose  of  ascer- 
taining whether  it  possesses  any  commercial  value. 

Sudd. — A  sample  of  this  material  from  the  Bahr-el-Gebel  was 
examined  in  order  to  ascertain  what  value  it  possessed  as  fuel.  A 
second  sample  from  the  Bahr-el-Ghazal  has  also  been  received. 

FOREIGN   COUNTRIES. 

The  following  are  examples  of  reports  made  at  the  instance  of  the 
British  Consuls  in  Foreign  Countries  (through  the  Foreign  Office  and 
the  Board  of  Trade)  on  materials  which  deserve  to  be  known  to  British 
trade. 

BRAZIL. 

Vegetable  products. — Specimens  of  Andiroba  nuts  and  Caja 
bark,  received  from  Sergipe,  are  being  examined  with  a  view  to 
ascertaining  their  uses  and  commercial  value. 

Coal. — A  sample  of  coal  from  Rio  Grande  do  Sul  was  examined 
and  found  to  be  of  good  quality  as  steam  coal. 

Fibre. — The  chemical  composition  and  commercial  value  of  a 
sample  of  Aramina  fibre  from  Rio  de  Janeiro  have  been  determined. 

Niin  Oil. — A  sample  of  this  oil  has  been  examined  with  a  view 
to  its  commercial  utilisation. 
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CHILE. 

Tanning  Material. — The  seed-pods  of  the  Chilian  plant  known 
as  Algarrobilla  (Cfesalpinia  brevifolia),  used  as  a  tanning  material,  were 
sent  for  examination,  attention  being  drawn  to  their  probable  value  if 
cultivated  in  British  Possessions.  The  attention  of  the  Forests 
Department  of  India  has  been  directed  to  this  subject  and  informa- 
tion has  been  supplied  respecting  the  composition  of  the  pod-cases 
and  their  tanning  value. 

GERMANY. 

Fruit  Juices. — Samples  of  preserved  fruit-juices  prepared  by  a 
new  process  in  Germany  have  been  examined  in  order  to  ascertain 
their  value  as  foods  for  military  purposes. 

BULGARIA. 

Sumach. — An  enquiry  is  being  conducted  into  the  composition  and 
tanning  value  of  a  specimen  of  sumach  procurable  in  large  quantities. 

TURKEY. 

Lithographic  Stone. — A  sample  of  stone  of  excellent  quality, 
from  a  quarry  in  Salonica,  Avas  forwarded  with  a  view  of  ascertaining 
whether  an  English  firm  would  work,  or  purchase  the  output  of,  the 
quarry. 

ASIATIC  TURKEY. 

Vegetable  Products. — Samples  of  cotton,  cotton-seed,  sesame 
seed,  and  cereals  have  been  forwarded  from  Adana  for  examination 
and  commercial  valuation. 

Minerals. — Three  samples  of  minerals  have  been  received  from 
Broussa  for  chemical  examination  and  valuation. 

DENMARK. 

Cream  Ferment. — A  sample  of  cream  ferment,  largely  used  in 
Denmark  for  cheese-making,  has  been  submitted  for  examination  and 
report  as  to  its  possible  use  in  this  country. 

GRECIAN  ARCHIPELAGO. 

Minerals. — Samples  of  the  chief  mineral  deposits  of  several  of  the 
Islands  have  been  submitted  for  analysis. 

PORTUGUESE  EAST  AFRICA. 

Oil  Nuts. — A  sample  of  Mafoureira  nuts,  from  Lourengo  Marques, 
has  been  investigated  in  order  to  ascertain  their  commercial  value. 
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ERRATA. 

Page  72,  line  15  from  bottom  (in  table,  thinl  column },for  64 '6  read  73'1. 
„      86,    ,,      8     ,,  ,,        (in  table,  second  column),  for  6'55  read  0'55. 

,,      87:     ,,      9     ..  ..         in  table.  Gain  on  Nitration),  for  74'9  w>  15'6 

and  for  66'6  rfn.,1  6 -5. 


Volatile  matter     .....  44-50         ., 

Sulphur V-~r2 

Calorific  value       .....  6050  calories 

I.  B 


TECHNICAL   REPORTS 


MINERALS 

THE  minerals  referred  to  in  this  section  have  been  examined  chiefly 
with  the  view  of  ascertaining  their  economic  value  and,  in  many  cases, 
of  gaining  some  knowledge  of  the  mineral  resources  of  countries,  the 
geology  of  which  is  at  present  little  known. 

COAL 

Indian  Coals  are  described  in  the  paper  on  the  "  Coal  Resources  of 
India,"  which  is  included  in  the  Appendix. 


Coal  from  British  Central  Africa,  received  from    H,M,    Acting 
Consul-General  and  Commissioner. 

Specimen  A.     Coal  from  North  Nyasalaud. 

Fixed  carbon        .....  57'63  per  cent. 

Ash      .         .         .         .         .         .         .  1  •"">••")  7         „ 

Volatile  matter 26 '80         „ 

Sulphur 0-10 

Calorific  value       .          .          .          .          .  5-320  calories. 

This  is  a  useful  non-caking  coal  of  fair  quality.     The  percentage  of 
ash  is  rather  high,  but  the  coal  is  remarkably  free  from  sulphur. 
Specimen  B.     Supposed  coal  from  the  Songwe  river. 

Fixed  carbon         .         .         .         .         .  47 '46  per  cent. 

Ash 8-04:         „ 

Volatile  matter     .....  44-50         ., 

Sulphur 052         „ 

Calorific  value       .....  6050  calorie'-. 
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This  also  is  a  non-caking  coal  of  good  quality,  yielding  very  little  ash 
and  containing  but  little  sulphur.  This  coal  would  be  serviceable  for 
heating  purposes. 

April,  1897. 


Coal   from    the  West    Shire   District,    British    Central    Africa, 

received  from  H,M.  Deputy  Commissioner 

and  Consul,  Zomba, 

The  coal  was  obtained  from  a  district  abutting  on  the  Chikwawa- 
Tete  section  of  the  African  Transcontinental  Telegraph  Company's  line 
on  the  south  side  of  the  Shire  river,  near  the  xVnglo-Portuguese 
boundary. 

This  sample  of  coal  was  dull  on  the  surface,  but  beneath  was  inter- 
sected with  bright  shining  bituminous  layers.  It  fractured  easily,  and, 
although  clean  to  handle,  gave  much  dust. 

The  following  are  the  results  of  its  technical  examination  : — 


Fixed  carbon         .         .         .         .         .  51 '93  per  cent. 

Ash      ...  ...  16-27       „ 

Volatile  matter 31-80       „ 

Sulphur 0-44       „ 


The  calorific  value,  that  is  the  number  of  pounds  of  water  raised  1°  C. 
in  temperature  by  the  burning  of  one  pound  of  the  coal,  is  4488. 
When  heated,  the  coal  gives  off  a  considerable  quantity  of  gas,  but 
produces  scarcely  any  tar.  It  does  not  cake,  the  "  coke  "  being  left  as  a 
black  powder.  The  ash  is  fawn-coloured. 

The  gas  given  off  on  heating  the  coal  consists  chiefly  of  hydrogen 
and  carbon  monoxide,  together  with  smaller  proportions  of  marsh  gas 
and  carbon  dioxide.  This  gas  is  of  no  value  as  an  illuminating  agent, 
but  might  be  useful  for  heating  purposes. 

The  results  of  the  examination  prove  that  this  coal  belongs  to  the 
class  of  steam  coals,  though  not  of  the  first  quality.  It  will  probably 
be  found  useful  for  most  of  the  purposes  for  which  steam  coal  is 
employed.  It  may  be  added  that  this  coal  would  be  quite  unsuitable 
for  the  smelting  of  iron,  since  it  does  not  cake,  and  also  because  it 
contains  a  considerable  proportion  of  sulphur,  which,  however,  would 
not  much  interfere  with  its  use  in  other  connections. 

December,  1897.  ., 


COAL. 


Coal   from    Deep    Bay,   N.W.  Nyasa,    British    Central    Africa, 
forwarded  by  H.M.  Acting  Commissioner  and  Consul-General, 

This  was  a  small  sample  of  coal  of  blackish-browu  colour,  easily 
brokeii  and  rather  dusty.  It  bums  somewhat  quickly,  with  a  luminous 
flame,  leaving  a  dirty  white  ash.  The  results  of  its  technical  analysis 

are  as  follows  : — 

Fixed  carbon         .          .         .  -32-95  per  cent. 

Volatile  matter  (including  water)  .  34'33         „ 

Ash 12-72 

Sulphur 0-49         „ 

Calorific  value 5731  calories. 

This  is  a  non-caking  coal  of  fail-  quality,  the  ash  is  rather  high  and 
the  fixed  carbon  somewhat  low,  although  the  heating  power,  as  approxi- 
mately indicated  by  the  calorific  value,  is  very  fail-.  This  coal  will 
probably  be  found  serviceable  as  a  steam  coal  and  for  burning  in 
ordinary  grates  and  stoves,  as  well  as  for  locomotive  purposes,  but  as 
it  does  not  furnish  coke  it  could  not  be  employed  for  smelting  iron.  No 
information  has  been  given  as  to  whether  it  is  representative  of  the  seam 
from  which  it  has  been  taken.  Comparing  it  with  the  two  samples  of 
coal  which  were  reported  on  in  April  1897,  it  is  equal  in  quality  for  most 
purposes  to  specimen  A,  and  distinctly  superior  to  specimen  B.  Both 
these  specimens  were  derived  from  the  Sougwe  river,  Xorth  Nyasa. 
Compared  with  the  sample  of  coal  from  the  West  Shire  District, 
found  on  the  south  side  of  the  Shire  river,  which  was  reported  on  in 
December  1897,  the  present  specimen  is  again  of  rather  better  quality. 
It  may  be  remarked  that  all  the  coal  hitherto  received  from  British 
Central  Africa  presents  similar  characters,  and  up  to  the  present  none 
has  been  capable  of  furnishing  coke. 

January,  1899. 

Brown  Coal  from  Victoria,  received  through  the 
Agent-General, 

The  three  specimens  of  Brown  Coal  were  similar  in  appearance  and 
belong  to  the  class  of  Lignites.  Their  examination  has  been  conducted 
in  the  usual  manner  with  the  following  results  : — 

1.  M or  (fell  Brown  Coal. — This  sample  was  composed  of  several 
small  pieces  of  coal,  brown  in  colour,  and  exhibiting  a  laminated 
structure.  The  coal  was  brittle  and  somewhat  dirty  to  handle. 
There  were  distinct  signs  of  a  woody  structure  and  the  coal  left  a 


4  TECHNICAL  REPORTS. 

brown  streak  when  rubbed  on  a  hard  surface.  The  ash  is  small.  The 
coal  burns  rapidly  with  a  long,  luminous,  smoky  flame  without  forming 
any  coke.  The  heating  power  of  this  sample  is  considerable,  as  shown 
by  the  number  representing  its  calorific  value.  The  following  are  the 
results  of  its  examination  : — 

Fixed  carbon         .         .         .         .         .  32-69  per  cent. 

Water 24-11 

Volatile  matter     .  .         .  40'79         „ 

Ash      ...  ...  2-41 

Sulphur         .         .  0-235 

Calorific  value       .....  4983  calories. 

2.  Narracan    Brown    Coal. — This    coal    was    brittle,    showing    a 
silky  brown  fracture  and  remains  of  a  woody  structure.     It  marked 
unglazed  porcelain  brown.     The    coal    burns    rapidly    with    a    smoky 
flame,  without  forming  coke,  and  leaving  a  fair  amount  of  ash  of  a 
brownish-white  colour.     This  sample  is  inferior  in  quality  to  No.  1. 
The  results  of  the  examination  are  as  follows  :— 

Fixed  carbon         .         .         .         .         .  26-90  per  cent. 

Water.          .          .      '    .          .          .          .  23-65 

Volatile  matter     .....  36-09         ,, 

Ash      .......  13-36         „ 

Sulphur  0-425       „ 

Calorific  value        .....  3828  calories. 

3.  Thorpdale  Brown  Coal. — This   sample  of   coal  was  also  brittle 
and  showed   a  distinct  woody  structure,  and  in   general   resembled 
the    two    previous    samples.     It   burned    rapidly   with    a   luminous, 
smoky  flame.       Its   heating   power   is  greater   than   that   of  sample 
No.  2,  but  slightly  inferior  to  that  of  sample  No.  1.     The  percentage 
of  ash  is  small,  though  greater  than  that  of  No  1.     The  results  of  its 
examination  are  : — 

Fixed  carbon 27 -96  per  cent. 

Water 27-35 

Volatile  matter     .         .         .         .         .  39*1  „ 

Ash .  5-59 

Sulphur 0-295       „ 

Calorific  value 4466  calories. 

It  is  clear  that  these  samples  consist  of  a  substance  intermediate 
between  wood  and  coal,  and  from  their  character  may  be  probably 
classed  as  Lignites.  They  would  make  a  useful  fuel  for  ordinary 
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purposes,  though  their  use  must  be  somewhat  restricted  owing  to  the 
rapid  manner  in  which  they  burn,  and  the  relatively  large  amount  of 
smoke  they  are  apt  to  emit  during  combustion. 
July,  1900. 

The  Collie  Coal  of  Western  Australia, 

In  accordance  with  the  request  contained  in  the  letter  dated  August 
24th,  1898,  from  the  Premier  of  "Western  Australia,  a  chemical  and 
technical  examination  has  been  made  of  specimens  of  coal,  taken  at  the 
Premier's  direction,  from  the  Collie  Coal  Field  in  the  South- Western 
District  of  the  Colony. 

The  first  series  of  very  small  samples  (ranging  from  1  to  3  ounces  in 
weight)  which  accompanied  this  letter  were  too  small  to  furnish  trust- 
worthy results  indicative  of  the  average  composition  of  the  seam,  and 
larger  samples  were  therefore  asked  for.  The  four  small  specimens 
were,  however,  submitted  to  examination.  The  first  sample  was 
derived  from  the  West  Collie  Mine,  and  the  other  three  from  the 
Collieburn  Leases,  both  situated  near  Bunbury  in  the  Collie  Coal 
Field.  The  results  of  the  examination  of  these  four  samples  are 
given  in  Table  I.  appended  to  this  report. 

The  large  sample  was  not  received  until  July  1899,  accompanied  by 
a  letter  from  the  Agent-General  dated  July  4th,  1899.  In  a  previous 
letter  from  Sir  John  Forrest  dated  the  10th  May.  it  is  stated  that  the 
new  sample  was  taken  from  the  Western  Australian  "  WalLsend  "  Coal 
Mine.  It  was  obtained  at  a  depth  of  80  feet,  from  a  seam  known  as 
the  Upper  Thick  Seam  of  the  Collie  Coal  Field.  The  following 
description  of  the  section  was  given  :  "  Roof  3  feet  6  inches  coal.  Band 
of  shale  3  inches.  Coal  without  band  of  impurity  13  feet  6  inches. 
Bottom  fireclay."  The  sample  was  in  one  large  block  weighing  rather 
more  than  one  ton.  It  was  apparently  uniform  in  composition,  but  in 
order  to  make  sure  of  this,  the  examination  was  conducted  both  on  a 
large  piece  weighing  rather  more  than  one  hundredweight,  which  had 
become  detached  during  the  voyage,  and  on  another  piece  taken  from 
the  large  block.  The  results  of  the  examination  of  these  two  pieces, 
which  are  included  in  Table  II.  appended  to  this  report,  agree  very 
closely. 

The  following  constituents  of  the  coal  were  determined  : — Fixed 
carbon,  volatile  matter,  water,  sulphur  and  ash ;  whilst  the  calorific 
equivalent  was  ascertained  by  means  of  Thompson's  calorimeter. 

All  the  samples  of  Collie  Coal  were  similar  in  appearance.  The  coa. 
is  light,  and  although  it  easily  breaks,  especially  in  well-defined  cleavage 
lines,  it  is  not  too  brittle  or  dusty.  It  belongs  to  the  class  of 
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lignites,  burning  somewhat  freely  without  caking,  giving  out  much 
heat  and  little  smoke,  inflaming  when  burnt  in  a  good  draught, 
disintegrating  rapidly,  and  leaving  a  voluminous,  but  very  light  ash,  of 
a  reddish  colour,  which  does  not  sinter  appreciably  except  at  very  high 
temperatures.  The  analytical  results  show  that  the  coal  furnishes, 
when  burnt,  a  large  amount  of  volatile  matter,  including  water.  The 
coal  readily  absorbs  moisture  from  the  air. 

In  the  first  four  samples  the  volatile  matter  formed  somewhat  less 
than  one  half  of  the  coal's  weight,  but  in  the  larger  sample  it  exceeded 
50  per  cent.  For  the  most  part  this  is  a  disadvantage,  as  such  coal 
burns  and  disintegrates  too  freely.  The  amount  of  ash  is  small,  ranging 
from  1  to  3  per  cent,  in  the  first  sample  and  7 '5  per  cent,  in  the  last 
sample.  These  are  small  percentages  in  weight,  but  the  ash  is  so 
voluminous  that  when  the  coal  is  burnt  in  an  ordinary  open  domestic 
grate,  it  appears  to  leave  a  large  quantity  of  debris.  The  amount  of 
fixed  carbon  is  moderate,  and  is  left  in  a  friable  condition  without 
forming  coke.  The  quantity  of  sulphur  is  small,  less  than  half  per 
cent,  as  a  rule.  The  calorific  equivalent  lies  between  5000  and  6000 
calories  in  the  first  specimens,  but  is  only  slightly  above  5000  cals.  in 
the  "Wallsend"  sample,  which  is  rather  below  the  average  shown 
by  the  best  steam  coals ;  so  that  more  Collie  Coal  is  required  to 
convert  a  given  weight  of  water  into  steam  than  of  the  ordinary 
steam  coal  employed  in  this  country.  Although  Collie  Coal  cannot 
be  put  into  the  first  class,  there  can  be  no  doubt  that  it  will  prove 
to  be  a  very  valuable  product  in  the  Colony  of  Western  Australia, 
where  coal  is  scarce  and  wood  is  largely  depended  on  for  fuel.  For 
raising  steam  it  is  greatly  to  be  preferred  to  wood,  and  also  to  many 
other  coals  of  better  composition  which  produce  much  smoke  when 
burnt.  It  will  no  doubt  be  extensively  employed  as  domestic  fuel,  since 
it  quickly  makes  a  hot  non-smoking  fire. 

It  may  also  prove  to  be  most  useful  in  some  metallurgical  work,  but 
as  it  does  not  produce  coke,  it  is  not  adapted  for  smelting  iron.  Pre- 
liminary experiments  which  have  been  made  with  the  Collie  Coal  for  gas- 
making  indicate  that  it  may  be  worth  while  to  have  trials  made  on  a  large 
scale.  It  is  certain  that  the  coal  is  inferior  to  much  of  that  ordinarily 
used  in  this  country  for  gas  manufacture,  both  in  respect  to  the  yield 
and  quality  of  the  gas,  and  the  by-products.  Nevertheless  the  undertak- 
ing may  prove  to  be  sufficiently  successful  to  be  profitably  carried  out 
in  the  Colony. 
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TABT.K  T. 
/?•>>/'/.*  qf  Examination  o 


Samples  of  Collie  Coal. 


Mine. 

Calorific      c^; 

•%1-tt      i     Sulplinr         Caking 
.      i  er  cent.     Frojtrties. 

<  ollie  Mine.  Collie   }                                                                              f   n 

Coalfields,      280     feet    ^5940        4.',  -70         -_>-.iO         .-.221          0^63^      ^L 

deep,  Seam  3  feet  thick. 

Collieburn  Leases.  Collie 

Coalfields,  Xo.  2  Seam, 
6  feet  thick.  l.>4  feet  3 

42  -6"  »         2-46 

.->4-n4         0-39           Do. 

inches  deep  .         .         .    J 

Collieburn  Leases,  Collie  \ 

Coalfields.  Xo.  1  Seam, 
7  feet  8  inches  thick, 

42-01          1-68        .Vi-71         "46          Do. 

29  feet  2  inches  deep  .   , 

Collieburn  Leases,  Collie  "| 

Coalfields.  Xo.  3  Seam,    |    -oi,--        At  "ii          Q  fiit 
2  feet   thick,    17   feet    f  '- 

o3'2fl         "  -.-,           Do. 

deep. 

1  Including  water. 


Tabulated 


August,  1899. 


of 


TABLE  IT. 


of  Tiro  Portion*  of  a  large 
Collie  Wallsend  ' 


Specific   '     Calorific 
Gravitv.     Eqnivalent. 

Fixed 
Carbon 
per  cent,  i 

per  cent. 

per  cent. 

Volatile 
Matter 
per  Cent. 

Portion  I. 

1-420            .117" 

50-8 

7  -.-.3 

12  u 

39-6 

Portion  II.   . 

1  '423 

.-,1  ii 

7-31 

12ti 

39  -rt 

Portion  I. — Sulphrur,  per  cent.,  1.1  4!>. 


Coal  from  Grand  Lake,  Newfoundland. 

1.  From  the  6ft.  seam.  The  sarqple  weighed  about  three  ounces 
The  coal  was  bright,  clean  and  tough,  presenting  an  irregular  conchoida 
fracture.  The  following  are  the  results  of  its  analv>is  : — 


Fixed  carbon 
Ash    . 
Coke  . 

Volatile  matter 
Sulphur 
Calorific  value 


47-19  per  cent. 

10-82 

58-01 

41-99 

0-735       „ 
<i">  17  calories. 
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The  sample  caked  fairly  well,  furnishing  a  coherent,  somewhat  brittle, 
coke.  The  ash  is  nearly  white.  This  will  probably  prove  to  be  a  good 
heating  coal  of  fair  quality,  containing  very  little  sulphur,  though  rather 
a  low  proportion  of  fixed  carbon. 

2.  From  2^  ft.  seam.  The  sample  weighed  about  two  ounces.  The 
coal  was  dull,  rather  brittle,  but  clean  and  not  dusty.  The  analytical 
results  were  as  follows  : — 

Fixed  carbon       .....  49-32  per  cent. 

Ash 13-05 

Coke  .  ....  62-37 

Volatile  matter 37-63         „ 

Sulphur 0-62         „ 

Calorific  value     .         .         .  ,  6435  calories. 

The  coal  burns  slowly  and  cakes  fairly  well,  furnishing  a  somo- 
what  brittle  coke.  The  ash  is  grey.  This  coal  closely  resembles  the 
preceding  sample. 

March,  1898. 

Bituminous   Shale  from   Natal,  received  through   the 
Agent-General, 

About  thirty  pounds  of  shale  were  received,  in  pieces  of  various  size. 
The  material  presented  a  silky  appearance,  was  fairly  dense,  and  readily 
broken,  exhibiting  a  conchoidal  fracture.  Technical  analysis  of  the 
finely-powdered  material  furnished  the  following  results  : — 

Calorific  equivalent         ....  51 15  calories. 

Moisture        ......  2-0  per  cent. 

Volatile  matter       .          .          .          .          .19-1          „ 

Fixed  carbon  .....  48'0         „ 

Sulphur 3-6         „ 

Ash 27-1 

When  distilled  at  a  low  red  heat,  it  furnished  about  6  per  cent,  of 
water,  and  9  per  cent,  of  oil  and  tar,  giving  off  a  quantity  of  gas 
equivalent  to  3588  cubic  feet  per  ton.  This  gas  was  of  very  poor 
illuminating  power.  The  shale  is  of  a  bituminous  character,  inferior, 
however,  in  its  yield  of  oil  and  gas,  to  those  shales  which  are  woi'ked 
on  a  large  scale  in  this  country  and  on  the  Continent. 

A  definite  opinion  as  to  the  commercial  value  of  this  shale  could 
only  be  obtained  on  the  basis  of  a  technical  experiment  made  under 
conditions  approximating  to  those  which  occur  on  the  manufacturing 
scale,  for  which  purpose  a  larger  quantity  of  material  would  be  required. 

October,  1898. 
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Coal  from  Santa  Catharina,  forwarded  through  the  Foreign 
Office  by  H.M,  Consul  at  Rio  Grande  Do  Sul. 

This  sample  of  coal  is  referred  to  in  Mr.  Vice-Consul  Chaplin's  report 
on  Santa  Catharina,  in  the  Consular  district  of  Rio  Grande,  Foreign 
Office  Annual  Series,  1901,  No.  2702,  page  12,  who  states  that  it  is 
taken  from  a  seam  discovered  on  the  mainland  about  80  kiloms.  from 
Desterro  on  the  road  to  the  city  of  Lages,  at  a  place  known  as  Fachinal 
Preto.  The  coal  appears  to  be  abundant  in  several  places  in  this 
district. 

The  sample  consists  of  black  shiny  coal,  compact,  without  laminated 
shale.  Its  specific  gravity  is  1  -33.  When  heated  it  gives  off  a  large 
amount  of  volatile  matter  which  burns  quickly  with  a  long  flame, 
leaving  a  very  slightly  coherent  coke.  When  completely  burned  the 
ash  is  of  a  reddish  colour.  On  chemical  analysis  it  furnished  the 
following  results  : — 

Moisture  (at  lOfT  C.)    ....  1-90  per  cent. 

Fixed  carbon         .....  30-51          „ 

Volatile  constituents    ....  58*63         „ 

Ash 8-96 

The  coal  contained  3 -3  per  cent  of  sulphur.  Its  calorific,  or  heating 
value  is  represented  by  73S7  calories,  and  the  evaporative  power, 
calculated  from  this  number,  is  13-7-~>  units.  This  coal  will  undoubtedly 
prove  to  be  useful  as  a  steam-raising  fuel. 

It  is  desirable  that  samples,  forwarded  to  the  Imperial  Institute  for 
examination  and  report,  should  be  restricted  as  much  as  possible  to 
new  products  of  special  interest,  or  to  those  which  are  likely  to  afford 
openings  for  British  trade,  and  which  should  lie  brought  under  the 
notice  of  British  manufacturers.  In  each  case  full  particulars  respect- 
ing the  origin  and  abundance  of  the  product,  etc.,  should  l>e  supplied. 

March,  1902. 

Coal  from  Trinidad,  received  through  the  Colonial  Office 
from  the  Governor. 

This  coal  is  stated  in  the  accompanying  correspondence  to  have  l>een 
taken  from  a  deposit  found  on  the  South  Coast  of  Trinidad  between  the 
Wards  of  Oropouche  and  Moruga. 

The  sample  weighed  about  half  a  hundredweight  and  consisted  of 
large  and  small  lumps,  together  with  a  certain  amount  of  powder. 
Inspection  of  the  consignment  showed  that  two  varieties  of  coal  were 
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present.  One  laminated  and  easily  broken  along  the  lines  of  cleavage  ; 
discoloured  in  some  places  with  oxide  of  iron  and  containing  within  the 
laminpe  deposits  of  a  white  material  which  proved  to  be  calcium  sul- 
phate. The  fracture  across  the  plane  of  lamination  revealed  a  shiny 
black  surface  resembling  bituminous  coal.  The  second  variety  of  coal 
present  was  more  compact,  giving  a  conchoidal  fracture  and  revealing 
a  black  surface  of  considerable  lustre.  This  variety  more  closely 
resembles  cannel  coal  or  pitch  in  appearance. 

For  the  purposes  of  analysis  and  technical  examination  a  representa- 
tive sample  of  the  whole  consignment  was  taken. 

The  analysis  furnished  the  following  results  : — 

Water  (at  100°  C.).  .  .      13-7  percent. 

Fixed  carbon  .         .  .  .34-0         „ 

Volatile  matter       .  .  .32-9         „ 

Ash        .  .  .     19-4 

A  separate  determination  showed  that  5  per  cent,  of  sulphur  was 
present.  The  calorific  determination  by  means  of  the  Thompson 
calorimeter  was  4378  calories,  and  the  evaporative  power,  calculated 
from  this  result  and  representing  the  number  of  pounds  of  water  at 
100°  C.  converted  into  steam  at  the  same  temperature  by  the  combus- 
tion of  one  pound  of  coal,  was  8-1  units.  The  specific  gravity  of  the 
coal  ranged  between  1'41  and  1'45.  The  coal  burnt  readily,  giving  off 
much  gas  which  produced  a  highly  luminous  flame.  The  coal  did  not 
form  coke  but  left  a  friable  mass  which  almost  at  once  fell  to  powder. 

These  results  show  that  the  coal  is  of  inferior  quality,  the  percentage 
of  fixed  carbon  being  only  about  one-half  of  that  of  a  first-rate  steam 
coal,  and  the  calorific  and  evaporative  values  being  also  inferior.  The 
coal  moreover  leaves  a  large  percentage  of  ash,  at  least  two  or  three  times 
as  great  as  is  desirable.  The  percentage  of  sulphur  is  also  very  high,  and 
this,  together  with  the  circumstance  of  the  coal  being  non-coking,  would 
render  it  unsuitable  for  most  metallurgical  operations.  For  general 
steam-raising  purposes  too  the  large  amount  of  sulphur  would  be 
objectionable. 

It  is  to  be  remarked  that  a  considerable  part  of  the  sulphur  revealed 
by  this  analysis  is  probably  derived  from  the  calcium  sulphate  present. 
It  is  possible  that  this  substance  might  be  removed,  and  the  amount  of 
sulphur  correspondingly  diminished,  by  washing  the  coal  with  water. 

The  value  of  this  coal  from  Ti-inidad  must  depend  upon  the  supply 
of  better  coal  and  other  forms  of  fuel  which  are  available.  In  some 
circumstances  it  has  been  found  advantageous  to  employ  as  fuel  coal  of 
similar  quality,  and  it  is  probable  that  this  deposit  might  be  utilised  for 
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the  manufacture  of  gas  ;  to  determine  this  point  would  require  a  separate 
investigation. 

Accompanying  the  letter  of  the  Governor  of  Trinidad  were  copies  of 
letters  from  the  Acting  Sub-Tntendant  of  Crown  Lands  and  the  Forest 
Officer.  The  Forest  Officer  reports  that  the  coal-seams  crop  up  on  the 
cliffs  at  the  sea  beach  and  are  from  four  to  six  feet  in  thickness,  the 
edge  of  the  seams  being  exposed  on  the  face  of  the  cliffs  from  the  level 
of  the  beach  to  a  height  of  six  or  eight  feet.  The  beds  dip  from  west 
to  east  and  lie  at  an  angle  of  about  30"  with  the  horizon. 

If  the  sample  now  submitted  were  taken  from  the  surface  of  the 
seam,  its  inferior  quality  may  be  partly  due  to  weathering,  consequent 
on  exposure  to  air  and  water. 

The  letter  of  the  Sub-Intendant  refers  to  the  samples  of  coal  as  having 
being  picked  up  on  the  beach,  and  refers  to  an  analysis  made  by 
Professor  Carmody,  dated  September  19th,  1901,  a  copy  of  which  is 
appended.  This  sample  is  stated  to  have  been  taken  at  from  10  to  Hi 
miles  west  of  Moruga  village.  The  analysis  is  incomplete  owing  to 
the  «mallness  of  the  sample  submitted.  The  results  are  stated  as 
follows  : — 

Xo.  1  Xo.  2 

(Black  River\  Zealand). 

Water         .          .          .       3  -55  1-60 

Combustible  matter    .     90-40  91-20 

A-h    .  6-05  7-20 


100-00  100-00 


There  is  no  information  as  to  the  origin  of  the  coal  described  as 
"  Xew  Zealand  "  and  numbered  2.  It  is  clear,  however,  that  sample 
Xo.  1  (Black  Paver)  represents  a  coal  entirely  different  from  that  which  is 
the  subject  of  the  present  report.  80  far  as  can  be  judged  from  the 
above  incomplete  analysis,  the  sample  examined  by  Professor  Carmody 
is  of  much  superior  quality  to  that  received  here,  and,  if  this  was  taken 
from  the  same  seam,  the  differences  shown  may  indicate  that  the  seam 
varies  greatly  in  quality  and  requires  to  be  further  prospected  before  a 
definite  opinion  as  to  the  value  of  the  coal  can  be  given. 

1P02. 
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IRON   ORES 
Iron  Ores  from  the  Salem  District,  Madras. 

A  SERIES  of  specimens  was  received  from  the  Revenue  and  Agriculture 
Department  of  the  Government  of  India,  which  represented  the  iron 
ores  yielded  by  mines  in  the  Madras  Presidency,  and  chiefly  from  the 
mountain  ranges  in  the  vicinity  of  Salem. 

The  metal  in  these  ores  is,  in  all  cases,  in  the  form  of  oxides;  the 
samples  include  varieties  of  magnetite,  quartz-magnetite  schist,  and 
magnetic  sand.  They  vary  very  considerably  in  richness,  thus  :  No. 
793,  from  the  northern  flank  of  the  Kollimalais,  contains  70  per  cent, 
of  available  iron,  whilst  a  quartz-magnetite  schist  from  the  same  locality 
contains  only  30  per  cent,  of  iron,  and  more  than  50  per  cent,  of  silica 
and  gangue,  insoluble  in  acids.  The  whole  of  the  samples  contain 
magnetic  oxide,  in  various  proportions,  and  in  no  case  was  any  titanium 
found.  Phosphoric  acid  and  sulphur  are  not  present  in  any  one 
instance  in  considerable  proportions,  and  generally  they  are  present 
as  traces  only.  Manganese  is  not  present  in  more  than  minute 
quantities  in  any  of  the  samples. 

The  following  is  a  description  of  the  several  samples  of  ore  examined, 
with  the  analytical  results  furnished  by  each, 

(No.  821)     QUARTZ-MAGNETITE  SCHIST. 
From  Murugathee  Mahii,  Attur  Talnq,  Salem  District. 

Decomposed  magnetite-quartz  schist,  in  fragments  as  mined  by  the 
native  iron-smelters. 

The  ore  was  laminated,  and  of  a  mottled  appearance,  showing  portions 
which  were  respectively  of  a  slate-brown,  red,  and  purple  colour;  it 
was  strongly  magnetic,  very  friable,  being  readily  reduced  to  powder 
between  the  fingers,  and,  when  finely  ground,  was  of  a  light  brown 
colour. 


Hygroscopic      moisture 

(at  110°  C.).        .         .  0-28 

Combined  water      .          .  1-72 

Silica  and  gangue   .          .  36'44 

Ferrous  oxide  G-78 


Ferric  oxide   . 
Alumina 
Lime 

Phosphoric  acid 
Silica 


53-75 

0-28 
traces 
traces 

0-68 


(No.  813)     MAGNETIC  ORE  from  Kanjamalai,  Salem  District. 

This  ore  was  in  small,  slightly  magnetic,  glistening  black  flakes,  with 
red-brown  granules  scattered  through  them. 
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Hygroscopic   moisture 

(110'  C.)     -         -  -  0-19 

Combined  water      .  .  0*91 

Silica  and  gangue   .  .  48-45 

Ferrous  oxide  .  11 -6  2 


Ferric  oxide    . 
Alumina 
Phosphoric  acid 
Sulphur 


38-13 
0-46 
0-62 

0-029 


(No.  815)     MAGNETITE. 
From  Kanjamalai,  Salem  District. 

This  sample  was  in  small  fragments,  strongly  magnetic,  of  a  lustrous 

black,  crystalline  appearance,  coated  in  places  with  a  red-brown  non- 
crystalline  substance. 

Ferric  oxide    .  .         .     66*72 

Alumina         .  .         .       0'82 

Phosphoric  acid  .          .     traces 

Sulphur          .  .         .     0-020 


Hygroscopic  moisture 

(110'  C.)     . 
Combined  water 
Silica  and  gangue   . 
Ferrous  oxide 


.   nil 
0-72 

1-72 
30-03 


(No.  852)     MAGNETIC  IRON  SAND. 

Obtained  by  washing  crushed  quartz-magnetite  schist,  near  Wandnr, 
Er narl  Tab.i.q,  Jfalabar  District. 

The  sample  was  in  the  form  of  a  coarse  sand,  which  could  be  separated 
into  three  distinct  groups  :  a  dark  brown  ore,  slightly  magnetic,  a  black 
crystalline  ore,  strongly  magnetic,  and  silica.  An  average  sample 
furnished  the  following  results  : — 


Total  moisture  .  .  1'42 

Silica  and  gangue  .  .  12'43 

Ferrous  oxide  .  .  14 -20 

Ferric  oxide    .  70-34 


Alumina 
Lime 

Phosphoric  acid 
Sulphur 


0-84 

0-28 

0-14 

0-024 


(No.  795)     QUARTZ-MAGNETITE  SCHIST. 
From  the  Salem  District. 

Mined  by  the  native  iron-smelters  on  the  northern  flanks  of  the 
'imala  >*. 

is  was  a  dark  grey,  friable  and  magnetic  ore,  with  red-brown  veins 
interspersed,  and  a  large  amount  of  siliceous  matter. 


Total  moisture  .  .        1-35 

Silica  and  gangue  .  .  53-22 

Ferrous  oxide  .  .       4- 14 

Ferric  oxide   .  41-00 


Alumina 
Lime 

Phosphoric  acid 
Sulphur 


0-12 

0-30 

0-30 

0-030 
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(No.  796)     QUARTZ-MAGNETITE  SCHIST. 

From  the  northern  flanks  of  the  Kollimalais,  three  miles  south  of 
Namayiripett,  Salem  District. 

Consists  of  layers  of  quartz  containing  crystalline,  greyish-black, 
strongly  magnetic  masses,  interspersed  with  a  non-crystalline  and 
non-magnetic  mineral,  varying  in  colour  from  red-brown  to  red.  This 
sample  was  very  friable. 

Total  moisture         .  .  U'G7  Alumina         .  .  .  traces 

Silica  and  gangue   .  .  53*98  Phosphoric  acid  .  .  traces 

Ferrous  oxide          .  .  4'96  Sulphur           .  .  .  0-022 

Ferric  oxide    .          .  .  40-44 

(No.  809)     MAGNETITE    SAND. 

From  Mathurutu,  four  miles  west  of  Mallikari,  Attur  Taluq, 
Salem  District. 

The  sample,  which  was  described  as  "prepared  for  the  furnace," 
consisted  of  a  pulverised  mixture  of  highly  magnetic  black  particles, 
with  a  large  amount  of  siliceous  matter,  and  a  small  proportion  of 
reddish-brown  grains. 

Total  moisture        .         .       0'69          Alumina         .         .         .       I'lo 
Silica  and  yangue  .          .        6 '51  Phosphoric  acid 


Ferrous  oxide          .         .     14 '09 
Ferric  oxide   .  7  7 '51 


Sulphur          .          .         .0-010 


(No.  850)     QUARTZ-MAGNETITE  SCHIST. 
Mined  by  Moplahs  near  Wandur,  Ernad  Taluq. 

This  sample  was  in  yellowish-brown  fragments,  with  small  patches  of 
a  darker  brown  crystalline  substance,  and  much  siliceous  matter.  It 
was  of  a  sandy,  friable  nature,  and  the  darker  portions  were  magnetic. 


Total  moisture        .  ,  3 '60 

Silica  and  gangue    .  .  34'96 

Ferrous  oxide          .  .  13-91 

Ferric  oxide   .  46-40 


Alumina         .         .         .  0'93 

Lime      ....  traces 

Phosphoric  acid       .          .  traces 

Sulphur           .         .         .  0-012 


(No.  810)     QUARTZ-MAGNETITE   SCHIST. 

From  Kollimalais,  Salem  District. 
The  sample  was  described  as  obtained  by  crushing  and  sifting  the 
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decomposed    magnetite-schist.       It    was   a   red-brown   coarse   powder 
containing    particles,    with    glistening    facets,    which    were    strongly 

magnetic. 

Total  moisture  .  .  O70  Alumina         .         .         .       0-98 

Silica  and  gangue  .  .  3 '43  Phosphoric  acid 

Ferrous  oxide  .  .  17\Ki  Sulphur           .          .          .     0'026 

Ferric  oxide   .  .  .  7  7 '9  5 

^Xo.  873)     MAGNETITE. 
From  Kanjamalai,  Salem  District. 

This  blackish-brown  sample  was  roughly  crushed  ;  the  greater  portion 
was  strongly  magnetic,  and  this,  when  separated  from  the  rest  by  means 
of  a  magnet,  was  a  black  crystalline  mineral.  The  remainder  was  of 
light  brown  colour  and  contained  siliceous  matter. 

Total  moisture  .  .       0'95  .     Alumina         .  .  .  1'18 

Silica  and  gangue  .  .        8 '89           Phosphoric  acid  .  .  trace 

Ferrous  oxide  .  .     17'7i'           Sulphur           .  .  .  0'029 

Ferric  oxide  .  .  .70'98 

(So.  800)     CRUSHED  AND  SIFTED  MAGNETIC  ORE. 

From  Xamayiripett,  Salem  District. 
It  was  a  reddish-brown,  strongly  magnetic  powder. 

Total  moisture         .          .  0'73  Alumina          .  .  .  l-49 

Ignited  insoluble  residue  1'74  Phosphoric  acid  .  .  — 

Ferrous  oxide          .          .  17'68  Sulphur           .  .  .  0'089 

Ferric  oxide    .          .          .  78'07 

(Xo.  851)     CRUSHED  QUARTZ-MAGNETITE    SCHIST. 
From  near  Wandur,  Ernad  Taluq,  Malabar  District. 

A  roughly-powdered  yellowish-brown  ore,  magnetic,  and  containing 
a  considerable  quantity  of  siliceous  matter. 

Total  moisture         .          .  2'16  Alumina          .          .          .  0'90 

Ignited  insoluble  residue  32'46  Lime      ....  0'41 

Ferric  oxide    .          .          .  5 7 '3  7  Phosphoric  acid 

Ferrous  oxide          .         .  G'3D  Sulphur           .         .         .  0'020 

(Xo.  808)     CRUSHED  AND  SIFTED  MAGNETIC  OHB. 

From  Matkurutu,  Attur  I'uluy,  Salem  Distrid. 
This  was  greyish-black,  cryatalline,  and  strongly  magnetic ;  a  small 


16 


TECHNICAL   REPORTS. 


quantity  of  a  yellowish-brown  ore,  and  a  considerable  amount  of  siliceous 
matter,  were  distributed  throughout. 


Total  moisture        .         .  0'72 

Ignited  insoluble  residue  14-26 

Ferrous  oxide          .          .  IG'10 

Ferric  oxide   .  68-12 


Alumina         .         .  .       0'21 

Manganese  and  lime  .     traces 
Phosphoric  acid 

Sulphur  .          .  .0-019 


(No.  799)     MAGNETITE. 
From  Kanjamalai,  Salem  District. 

A  blackish-grey,  lustrous,  strongly  magnetic  mineral,  containing 
small  patches  of  white  substance,  which  consisted  of  aluminium  and 
calcium  phosphates. 


Total  moisture  .          .  0-59 

Ignited  insoluble  residue  1'04 

Ferrous  oxide  .         .  20-97 

Ferric  oxide    .  7ir20 


Alumina         .         .  .  2 -45 

Manganese  and  lime  .  traces 

Phosphoric  acid       .  .  0'30 

Sulphur           .          .  .  0-016 


(No.  801)     MAGNETITE  SAND. 
From  Mathurutu,  Attur  Taluq,  Salem  District. 

The  sample  was  in  the  form  of  a  fine  black  powder,  having  been 
prepared  for  furnace  treatment ;  it  contained  a  small  quantity  of 
yellowish-brown  siliceous  particles,  and  was  strongly  magnetic. 


Total  moisture  .         . 

Ignited  insoluble  residue 

Ferrous  oxide  .         . 
Ferric  oxide   . 


0*72 

9  -56 

11  "67 

7  7  -64 


Alumina 
Phosphoric  acid 
Sulphur 


0-24 
traces 
0-025 


(No.  802)     QUARTZ-MAGNETITE  SCHIST. 
As  mined  by  the  native  smelters.     From  the  northern  flanks  of  the 


Kollimalais,  Salem  District. 


Total  moisture  .  .  I'lO 
Ignited  insoluble  residue  45-19 
Ferrous  oxide  .  .  2 -07 
Ferric  oxide  .  .51-10 


Alumina 
Phosphoric  acid 
Sulphur 


0-86 


0-013 


(No.  874)     POWDERED  MAGNETIC  ORE. 
From  Kanjamalai,  Salem  District. 

A  roughly-powdered  sample,  consisting  of  a  blackish-brown  magnetic 
mineral  mixed  with  a  red-brown  variety. 
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Total  moisture 
Ignited  insoluble  residue 
Ferrous  oxide 
Ferric  oxide  . 


1-72 

3-17 

23-73 

69-29 


Alumina 
Phosphoric  acid 
Sulphur 


17 
2-16 

0-010 


(No.  793)     MAGXETITE. 

From  the  northern  flank  of  Kollimalais,  three  miles  south  of 
Xamagiripett,  Xalein  District. 


A  purplish-grey,  strongly  magnetic,  massive  ore,  with  a  small  amount 
of  a  red-brown  powder  scattered  through  it.  It  was  generally  of  a  flaky, 
crystalline  appearance  when  freshly  broken. 


Total  moisture  .          .  0'52 

Ignited  insoluble  residue  0-55 

Ferrous  oxide  .         .  22-38 

Ferric  oxide  .  74 '7 7 


Alumina          .          .  .  I'OO 

Lime  and  manganese  .  tra«:-os 

Phosphoric  acid       .  .  traces 

Sulphur          .         .  .  0-030 


(No.  812)     SIMILAR  ORE  TO  No.  802. 
From  Kanjamalai,  Salem  District. 

It  was  crystalline,  grey-black,  slightly  magnetic,  and    contained  a 
small  amount  of  a  brown  non-crystalline  powder. 


Total  moisture        .         .  1-02 

Ignited  insoluble  residue  46-95 

Ferrous  oxide          .         .  3-56 

Ferric  oxide  .  48-10 


Alumina 
Phosphoric  acid 
Sulphur 


0-61 
0-010 


(No.  848)     MAGXETIC  ORE. 
From  Walluvanad  Taluq,  Malabar  District. 

This  was  a  granular  and  very  friable  ore,  partly  of  a  purplish-grey 
colour,  and  partly  dark  red  and  amorphous.     It  was  slightly  magnetic. 


Total  moisture  .  .  0-60 
Ignited  insoluble  residue  45-94 
Ferrous  oxide  6-67 


Ferric  oxide 

Alumina 

Sulphur 


46-03 

0-42 
0-010 


The  following  is  a  tabulated  summary  of  the  percentage  composition 
of  the  several  samples.  A  column  has  been  added  giving  the  total 
amount  (per  cent.)  of  iron  in  each  sample  : — 

I.  c 
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Memorandum  to  the  Secretary  of  State  for  India,  on  the  trials 

by  Messrs.   Bolckow,  Vaughan,  and  Co.  of  samples 

of  Salem  Iron  Ore  and  Bengal  Coal. 

In  connection  with  the  correspondence  which  has  taken  place 
between  Mr.  H.  G.  Turner  and  the  India  Office  with  reference  to 
Mr.  Turner's  application  for  a  concession  to  smelt  the  Kanjamalai  ore, 
I  wish  to  draw  attention  to  the  following  points. 

In  1892  Mr.  T.  H.  Holland,  Assistant  Superintendent  of  the 
Geological  Survey  of  India,  was  deputed  by  the  Government  of  India 
to  secure  for  the  Imperial  Institute  a  representative  collection  of  the 
iron  ores  of  Madras.  In  transmitting  the  collection  of  samples  Mr. 
Holland  suggested  that  they  should  be  experimentally  examined  (see 
Sir  E.  Buck's  demi -utHc-ial  letter,  No.  1088/29,  to  Sir  Frederick  Abel, 
dated  5th  May,  1892,  F.S.S.,  No.  26). 

The  specimens  were  accordingly  submitted  to  analysis  under  the 
direction  of  Sir  Frederick  Abel,  and  the  results  published  in  the 
Journal  of  the  Imperial  Institute,  Vol.  2,  No.  18  (June  1896).  See 
preceding  report,  p.  12. 

This  collection  included  six  samples  of  ore  from  Kanjamalai  in  the 
Salem  district  of  Madras,  which,  on  analysis,  furnished  the  following 
results  : — 


Number. 

Aval' 
Iron. 

Insoluble 
Kt'sidue 

(Silica). 

Sulphur. 

Phosphorus. 

799 

68  -#5 

1-04 

•016 

•13 

815 

70-06 

!•:•_' 

•020 

— 

873 

63-57 

8-89 

•029 

— 

874 

66-96 

3-17                  '"in 

_ 

812 

36-44 

4t  ;•».-,              -mo 

— 

813 

36-73 

4s  -4.1                    -029 

•27 

The  average  percentage  of  available  iron  is  thus  56-95,  the  highest 
percentage  being  70  and  the  lowest  36.  Out  of  the  six  samples, 
four  were  therefore  of  excellent  quality  and  only  two  inferior.  The 
four  samples  are  undoubtedly  suitable  for  conversion  into  pig  iron 
by  smelting  on  the  large  scale,  whilst  the  two  samples  are  valueless  for 
this  purpose. 

A  specimen  of  the  consignment  of  ore  specially  selected  this  year 
by  Mr.  Middleman,  of  the  Geological  Survey  of  India,  for  transmission 
to  Messrs.  Bolckow,  Vaughan,  and  Co.  as  typical  of  the  Kanjamalai 
deposit,  referred  to  in  his  memorandum  of  the  6th  February,  1898, 
furnished  on  analysis  in  the  Laboratories  of  the  Imperial  Institute 
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the  following  results,  which  are  in  substantial  agreement  with  those 
obtained  by  Messrs.  Bolckow,  Vaughan,  and  Co.,  and  recorded  in  their 
letter  of  the  28th  July,  1898  (see  appended  Report  on  Salem  ore  and 
Sanatoria  coal  by  Mr.  J.  E.  Stead).  In  the  following  table,  Column  1 
gives  the  results  of  the  analysis  made  in  the  Scientific  Department 
of  the  Imperial  Institute,  Column  2  the  results  of  Mr.  Stead. 


Imperial  -..     a,      , 

Institute.  Mr'  M""(i- 


Iron     .... 

38-74 

39-02 

Insoluble  residue  (silica) 

14-09 

12-36 

Lime    .... 

•365 

l-i  10 

Sulphur 

•078 

•1*3 

Phosphorus. 

•14 

•13 

It  is  therefore  clear  that  the  specimen  of  Kanjamalai  ore,  regarded 
by  Mr.  Middlemiss  as  representative,  is  extremely  poor  and  quite 
unsuitable  for  smelting  in  the  blast  furnace.  In  connection  with  the 
favourable  opinion  expressed  by  Mr.  Jeremiah  Head  in  his  report  to 
the  Secretary  of  State,  dated  llth  March,  1898,  as  to  the  possibility 
of  smelting  the  Kanjamalai  iron  ore,  it  should  be  pointed  out  that  he 
has  taken,  as  provisionally  representative  of  the  ore,  the  results  of  the 
analysis  of  the  best  specimens  from  the  Imperial  Institute  set,  and 
has  taken  no  account  of  the  recorded  results  of  the  analysis  of  the 
two  inferior  specimens  (Nos.  812  and  813)  which  correspond  with  the 
samples  regarded  by  Mr.  Middlemiss  as  an  average  representative 
portion  of  the  Kanjamalai  deposit. 

Turning  to  the  coal.  One  hundred  tons  of  Bengal  (Sanctoria)  coal 
were  forwarded  to  Messrs.  Bolckow,  Vaughan,  and  Co.  A  sample  from 
this  consignment  analysed  in  the  Scientific  Department  of  the  Imperial 
Institute  furnished  the  following  result : — 

Calorific  value,  6237  calories. 
Fixed  carbon,  53-83  per  cent. 
Volatile  matter,  25-94  per  cent. 
Sulphur,  -68  per  cent. 
Phosphorus,  -039  per  cent. 
Ash,  20-23  per  cent. 

These  results  again  are  in  substantial  agreement  with  those  obtained 
by  Messrs.  Bolckow,  Vaughan,  and  Co.  from  Mr.  J.  E.  Stead,  and 
referred  to  in  their  letter  of  28th  July,  1898.  This  sample  of  Sanctoria 
coal  is,  however,  inferior  to  the  two  samples  described  in  my  "  Report 
on  the  Coal  Supply  of  India,  1898,"  which  were  sent  to  the  Imperial 
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Institute  a-  representative  of  the  coal  of  this  colliery.     The  analysis 
of  these  two  samples  gave  the  following  results : — 


Serial 
Number. 

Fixed 
Carbon. 

Volatile 
Matter. 

Sulphur. 

A*. 

Calorific 
Value. 

1663 

1668 

40-41 
49-3-2 

39-30 
39-94 

1-63 

1  -o3 

11-29 
1U-74 

6380 
63-2.5 

It  therefore  appears  that  the  consignment  of  coal  sent  to  Messrs. 
Bolckow,  Yaughan,  and  Co.,  whilst  containing  a  smaller  proportion  of 
sulphur,  is  much  richer  in  mineral  constituents  (ash)  than  either  of 
the  two  samples  referred  to  in  my  Coal  Report,  there  being,  in  fact, 
nearly  twice  as  much  ash  in  the  coal  consigned  to  Middlesbrough, 
which,  moreover,  is  stated  to  yield  an  unsuitable  coke.  Consequently 
I  agree  with  Messrs.  Bolckow,  Vaughan,  and  Co.  that  this  sample  of 
Sanctoria  coal  is  unsuitable  for  smelting  purposes. 

"We  may,  therefore,  conclude  that  if  the  sample  of  Kanjamalai  ore 

as  Mr.  Middleman  asserts,  an  average  specimen  of  this  deposit,  this 
ore  cannot  be  seriously  regarded  as  suitable  for  smelting,  except  perhaps 
after  treatment  by  the  magnetic  separator.  Similarly  if  the  sample  of 
Sanctoria  coal  sent  to  Middlesbrough  is  the  only  coal  available  for  use 
in  the  blast  furnace,  then  iron  smelting  can  hardly  succeed  in  Madras. 

I  am,  however,  of  opinion  that  neither  of  these  two  points  has  been 
established.  As  regards  the  ore  Mr.  Middlemiss  remarks  : — 

"Only  occasionally,  in  small  pockets  or  as  veins  or  local  accretions 
(not  more  than  a  few  inches  across),  do  we  sometimes  find  masses  of 
pure  or  almost  pure  magnetite.  But  it  would  not  be  fair  to  include 
these  in  any  estimate  of  the  general  richness  of  the  beds.  It  is  doubt- 
less due  to  some  such  specimens  as  these  having  been  gathered  that 
some  of  the  analyses  of  the  Kanjamalai  ore  carried  out  at  the  Imperial 
Institute  gave  such  abnormally  rich  percentages  of  iron  (about  70  per 
cent.)."' 

Xow  the  specimens  of  ore  referred  to  by  Mr.  Middlemiss  as  having 
been  analysed  at  the  Imperial  Institute  were  selected  by  Mr.  T.  H. 
Holland  as  typical  portions  of  the  deposits.  Four  out  of  the  six 
specimens  are  undoubtedly  excellent  samples  of  magnetite,  which 
would  repay  smelting,  whilst  only  two  were  of  the  inferior  quality 
regarded  by  Mr.  Middlemiss  as  representative.  It  is  evident  that, 
before  any  conclusion  can  be  arrived  at  as  to  the  value  of  the 
Kanjamalai  deposit,  it  must  be  systematically  sampled  and  analysed. 
I  agree  with  Mr.  Jeremiah  Head's  recommendations  on  this  point. 

As  to  the  coal.    I  have  no  information  with  reference  to  the  selection 
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of  the  sample  sent  to  Middlesbrough.  As  I  have  pointed  out,  it 
is  inferior  to  the  samples  of  Sanatoria  coal  specially  selected  for  analysis 
at  the  Imperial  Institute  by  the  Reporter  on  Economic  Products  to 
the  Government  of  India.  Of  the  53  samples  of  coal  derived  from 
the  various  Bengal  collieries  and  described  in  my  report,  a  number 
would  probably  be  suitable  in  composition  and  coking  power  for  use 
in  smelting  iron  ores. 

The  fuel  question,  therefore,  requires  further  investigation  before 
any  decision  as  to  the  suitability  of  Bengal  coal  can  be  arrived  at.1 

November,  1898.  W.  B.  D. 

Iron  Ore,  Limestone,  and  Haematite-paints  from  New  Zealand, 
submitted  for  examination  by  the  Agent-General, 

Iron  ores  occur  in  considerable  quantities  in  New  Zealand.  Sir 
James  Hector  divides  these  ores  into  two  classes  :  (1)  Granular,  and  (2) 
Massive.  The  first-named  is  very  widely  distributed  in  Taranaki  and 
other  parts  of  New  Zealand  as  iron  sand,  in  which  the  iron  is  present 
in  the  form  of  magnetite,  haematite,  or  titaniferous  oxide. 

Attempts  were  made  some  years  ago  in  New  Zealand  by  Mr.  H.  R. 
Richmond,  to  smelt  the  titaniferous  sand,  but  the  results  obtained  did 
not  afford  promise  of  commercial  success. 

The  ore  sent  to  the  Imperial  Institute  for  examination  by  Sir 
Westby  Percival  belongs  to  the  second  class,  and  represents  the  Great 
Parapara  bog-iron  or  limonite  deposit  which  occurs  on  the  surface  of 
the  ground  near  Collingwood,  Nelson,  where  it  is  found  in  massive, 
earthy,  botryoidal  mammillary  and  concretionary  forms,  the  deposits 
covering  the  earth  as  massive  concretions  sometimes  of  many  tons  in 
weight,  Mr.  Binns  -  having  traced  it  for  nearly  3000  yards,  and  being 
of  opinion  that  it  extended  at  least  a  mile  further. 

Close  to  this  limonitic  deposit  is  a  bed  of  limestone — the  result  of 
the  analysis  of  which  is  given  below — while  the  Collingwood  coal-mine, 
yielding  some  of  the  best  fuel  in  the  colony,  is  only  five  miles  away ; 
so  that,  as  facilities  are  said  to  exist  for  the  formation  of  a  well- 
sheltered  deep-water  wharf,  the  site  would  appear  to  be  well  adapted 
for  the  erection  of  iron-smelting  works. 

The  samples  of  iron  paint  which  were  examined  were  obtained  from 
the  same  district,  where  Sir  James  Hector  has  noted  the  occurrence  of 
an  exposed  bed  of  hsematite  100  feet  thick  and  several  acres  in  extent.3 

1  The  suitability  of  Bengal  coal  for  smelting  the  Salem  Iron  Ore  has  since  been 
fully  enquired  into  by  Major  Mahon,  Iron  and  Steel  Manufacture  in  India,,  Simla, 
1900.     See  also  paper  on  the  Coal  Resources  of  India  in  the  Appendix. 

2  Paper  on  "Mining  in  New  Zealand,"  read  before  the  Federated  Institution 
of  Mining  Engineers,  by  G.  J.  Binns,  Esq.,  1892. 

s  Hector  :  Handbook  of  Hie  New  Zealand  Mines,  p.  348. 
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I.  Iron  Ore. 

The  samples  consisted  of  large  lumps  of  a  dense  purplish-brown  ore. 
Examination  with  a  lens  showed  that  it  was  probably  brown  haematite 
(hydrated  ferric  oxide)  in  a  semi-crystalline  condition,  often  disposed 
in  strise  or  twisted  laminae,  and  occasionally  in  a  honeycombed  form. 
The  numerous  large  cavities  in  the  lumps  contained  deposits  of  an 
ochre-coloured  earth.  An  average  sample  was  prepared  from  a  large 
number  of  pieces,  and  when  submitted  to  chemical  examination  gave 
the  subjoined  results  as  the  mean  of  the  three  analyses,  in  which  the 
greatest  range  of  variation  on  the  components,  present  in  small  propor- 
tions, was  not  more  than  0'07  per  cent.,  and,  on  the  iron,  not  more 
than  0-18  per  cent.  The  figures  correspond  fairly  well  with  the 
analyses  of  certain  brown  haematite  ores  obtained  from  Northampton- 
shire (England),  which  were  made  under  the  direction  of  Dr.  Percy 
(Percys  Metallurgy,  "Iron  and  Steel,"  p.  208).  These  analyses  are 
given  for  purposes  of  comparison : — 


.Silica  and  gaugue    . 
Hygroscopic  moisture 
Combined   water   and    organic 

matter          . 

Ferric  oxide     .... 
Alumina  and  phosphates 
Manganese      .... 

Gold 

Sulphur  ..... 
Phosphoric  .... 
Magnesia  . 

Lime  ..... 
Carbonic  acid  .... 

Percentage  of  iron     . 


New  Zealand 
Ore. 
12-41 
1-24 

10-87 
7626 
0-13 
trace 
trace 
trace 
trace 


Northampton  Ores. 


53-38 


7  58 


11-89 

74-12 

1  -55 

0-57 

trace 
3-17 
0-18 
0-76 
0-57 

51-88 


5-33 
L-80 

12-40 

76-00 

2-30 

0-40 


1-03 
0-11 
0-40 

53-2 


The  New  Zealand  ore  is  decidedly  superior  to  the  Northampton 
ore,  represented  by  the  above  analyses,  being  practically  free  from 
phosphorus. 

As  traces  of  gold  were  discovered  in  the  average  sample  analysed, 
a  special  examination  was  made  of  a  large  average  sample  of  the  ore 
for  this  metal,  and  a  minute  quantity  of  gold  was  extracted.  Specially 
selected  lumps  were  also  separately  examined,  and  a  sample  weighing 
21  lb.,  consisting  of  specially  selected  lumps,  was  tested  by  the  cyanide 
process,  but  in  no  case  was  more  than  a  trace  of  gold  discovered. 
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II.  Limestone. 

The  sample  consisted  of  irregular  lumps  of  a  very  dense  and  highly 
crystalline  limestone,  for  the  most  part  of  a  bright  white  colour,  but 
with  dark-grey  coloured  streaks  and  occasional  rusty-yellow  patches. 
An  average  sample  was  prepared  and  its  constituents  determined 
qualitatively  and  then  quantitatively.  The  figures  subjoined  are  the 
mean  of  two  concordant  analyses  : — 

Lime   .......  54-65  per  cent. 

Carbonic  acid       .....  43-24        ,, 

Silicic  acid  .          .          .          .          .          .  I'll        „ 

Ferric  oxide  and  alumina     .         .         .  0-135      ,, 

Magnesium ......  trace 

Moisture O48        „ 

It  thus  appears  that  this  limestone  is  a  very  pure  carbonate  of  lime, 
the  impurities  amounting  at  most  to  less  than  2  per  cent,  (excluding 
water).  A  special  examination  was  made  for  phosphorus,  with  a 
negative  result. 

III.  JId'matite  Paints. 

The  samples  were  of  two  colours,  yellowish-brown  and  purple-brown, 
the  latter  being  evidently  produced  by  exposing  the  original  (yellow- 
brown)  material  to  heat  Both  corresponded  in  character  to  Galley's 
"  brown  "  and  "  purple-brown  "  Torbay  paints. 

The  brown  paint  contained  somewhat  over  2  per  cent  of  water, 
while  the  purple-brown  paint  contained  somewhat  less  than  1  per  cent. 
The  proportion  of  siliceous  matter  varied  considerably  in  different 
bags  of  the  same  kind  of  paint  (ranging  from  9  to  20  per  cent.),  and 
the  ferric  oxide  ranged  in  amount,  in  the  original  yellowish-brown 
paint,  between  69  and  76  per  cent.;  in  two  samples  of  the  purple- 
brown  paint  it  amounted  to  83  and  87  per  cent,  respectively. 

Both  paints  are  well  ground.  They  have  been  submitted  to  practical 
tests  in  comparison  with  the  Torbay  paint  in  a  well-known  extensive 
Government  establishment,  in  which  Torbay  and  other  iron  oxide 
paints  have  been  largely  employed. 

The  following  is  the  result  of  the  trial  of  the  yellow-brown  paint : — 

New  Zealand  Paint.  Torlay  Paint. 

17  Ib.    oxide    ground    in   oil,  re-      17  Ib.    oxide    ground    in   oil,    re- 
quired—  quired — 
5^-  pints  boiled  linseed  oil.                    5  pints  boiled  linseed  oil. 
1^  pints  turpentine.                               1  pint  turpentine. 
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New  Zealand  Paint.  Torbay  Paint. 

2  lb.  patent  driers.  2  Ib.  patent  driers. 

Weight,  made  up,  26  lb.  Weight,  made  up,  25  lb. 

26  lb.  paint  covered  146  yds.  supl.  25  lb.  paint  covered  110  yds.  supl. 

one  coat.  one  coat. 

The  paint  worked  out  well,  with  The  paint  worked  out  well,  with 

good  body.  /"'  ir  body. 

There  was  no  sediment  in  pot  There  was  no  sediment  in  pot 

as  work  proceeded.  as  work  proceeded. 

The  New  Zealand  oxide  is  a  better  paint  than  Torbay,  so  far  as 
covering  power  is  concerned,  and  the  difference  in  amount  of  materials 
required  in  making  up  the  New  Zealand  oxide  as  against  the  Torbay, 
does  not  even  bring  the  latter  pigment  up  to  the  former. 

The  roasted  purple-brown  paint  required  exactly  the  same  propor- 
tions of  oil  driers  and  turpentine  as  the  yellow-brown  paint ;  26  lb. 
covered  130  yards  supl.,  as  against  146  yards  for  the  same  weight  of 
the  unroasted  oxide.  In  the  latter  case,  the  iron  surface  to  which  the 
paint  was  applied  was  thoroughly  warmed  by  the  sun  at  the  time  of 
painting,  and  this  may,  to  a  great  extent,  account  for  the  somewhat 
larger  area  covered  by  the  paint. 

The  price  paid  for  the  Torbay  paint,  which  was  tried  against  the 
New  Zealand  samples,  was  24s.  Qd.  per  cwt.,  ground  in  oil  to  jjaste. 

Samples  of  the  two  paints  are  at  present  undergoing  practical  tests 
at  the  Works  of   the  London  and  North- Western  Railway,  Crewe, 
through  the  kindness  of  Mr.  F.  W.  Webb. 
July,  1895. 

Haematite  from  Newfoundland. 

( 1 )  Hit-uiatite  from  Conception  Bay,  Newfoundland.  The  sample 
weighed  about  two  ounces,  and  consisted  of  compact  reddish  hematite, 
in  which  no  foreign  material  could  be  detected  by  the  naked  eye. 

For  the  purpose  of  analysis,  pieces  were  broken  off  from  each  corner 
and  from  the  top  and  bottom  of  the  sample,  and  powdered  together. 
The  constituents  estimated  were  iron,  sulphur,  phosphorus,  and  silica. 
The  following  results  were  obtained,  with  a  sample  dried  at  100'  C. : — 

Ferric  oxide  (Fe.,O3)    91 '85  per  cent,  (equivalent  to  64 '3  per 

cent,  of  metallic  iron). 
Sulphur         .          .       0-16  per  cent. 
Phosphorus   .          .       a  trace. 

For  the  determination  of  silica  a  new  sample  was  taken,  and  the 
silica  estimated  after  fusion  of  the  finely-powdered  material  with 
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alkali.  In  this  way  11  per  cent,  of  silica  (SiO2)  was  found.  No 
manganese  was  present,  and  none  of  the  heavy  metals  could  be 
detected. 

(2)  Haematite  from  Bay  de  Verde,  Newfoundland.  This  sample 
was  nearly  black  and  much  denser  and  harder  than  that  from 
Conception  Bay.  It  more  nearly  resembled  the  ordinary  kidney 
structure.  Here  and  there  minute  particles  of  quartz  could  be  seen 
with  the  aid  of  a  lens. 

The  sample  for  analysis  was  taken  in  the  same  manner  as  in  the 
previous  case,  and  the  same  constituents  were  estimated  with  the 
following  results — 

Ferric  oxide     83-93  (equivalent  to  58'75  per  cent,  of  metallic 

iron). 

Sulphur      .       0-17  per  cent. 
Phosphorus       a  trace. 

A  fresh  sample  was  taken  for  the  determination  of  the  silica,  of 
which  10  per  cent,  was  found.  The  material  contained  no  manganese 
and  none  of  the  heavy  metals. 

These  results  show  that  both  these  ores  are  of  good  quality,  and 
compare  favourably  in  percentage  of  iron  with  much  of  the  haematite 
which  is  now  worked  in  this  country.  If  the  samples  can  be  regarded 
as  representative  of  the  entire  deposits,  these  Newfoundland  ores 
should  prove  to  be  of  commercial  value.  Although  the  silica  is  high, 
its  distribution  in  the  small  samples  submitted  does  not  appear  to  be 
uniform,  and  it  is  possible  that  other  samples  might  prove  to  contain 
less. 

February,  1898. 

Chrome  Iron  Ore  from  Bluff  Head,  Newfoundland, 

The  sample  consisted  of  one  small  compact  piece  which  exhibited  a 
semi-crystalline  fracture,  containing  black,  shining  granules  within  a 
greenish  matrix.  For  the  purposes  of  analysis  an  average  sample  was 
taken  and  dried  at  100°  C.  The  following  results  were  obtained,  the 
percentages  given  being  the  average  of  those  obtained  in  the  analysis  of 
two  specimens  taken  from  the  sample : — 

Ferrous  oxide  (FeO) 15-73 

Chromium  trioxide  (Cr.,O3)  .         .         .         .      43-13 

This  is  a  fairly  good  sample  of  chrome  iron  ore,  the  percentage  of 
oxide  of  chromium  being,  however,  about  15  per  cent,  lower,  and  the 
percentage  of  ferrous  oxide  about  5  per  cent,  higher  than  those 
furnished  by  the  best  specimens  of  this  mineral. 

March,  1898. 
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MICA 
Mica  from  Jeypore. 

THE  .samples  of  mica  referred  tu  by  the  Officiating  Reporter  on 
Economic  Products  to  the  Government  of  India  in  his  letter  No.  2946 
— 184  F.S.S..  dated  the  8th  November,  1898,  which  enclosed  a  letter 
from  the  Resident  of  Jeypore,  requesting  a  report  on  the  value  of  the 
mica  found  in  that  district,  have  been  examined.  The  mica  experts 
report  that  the  samples  are  quite  worthless,  their  chief  defect  being  that 
they  are  striated,  or  cross-grained,  and  much  cracked.  This  variety  of 
mica,  if  of  good  quality,  would  be  adapted  for  electrical  purposes ;  the 
Dewan  of  Kishengarh  is  mistaken  in  supposing  that  this  mica  is  similar 
to  the  mica  of  Behar,  since  the  product  derived  from  that  district  is  the 
fine  clear  "  ruby  mica  "  which  is  so  largely  employed  for  the  construction 
of  chimneys  for  stoves  and  lamps.  The  samples  of  Jeypore  mica  appear 
to  have  been  taken  from  the  surface  out-crop,  and  the  experts  consider 
that  it  is  quite  likely  that,  if  properly  mined,  better  samples  could  be 
obtained.  In  order  to  furnish  the  authorities  in  Jeypore  with  precise 
information  as  to  the  characters  of  the  best  quality  of  black  spotted 
mica,  a  number  of  specimens  of  the  material,  which  command  the  best 
prices  in  the  English  market,  are  sent  herewith.  It  should  be  borne 
in  mind  that  at  the  present  time  there  is  a  very  considerable  supply  of 
small  spotted  mica  which  i.s  employed  for  electrical  purposes.  There  is, 
however,  a  great  demand  for  uncracked  large  plates  over  8  inches  in 
length,  the  width  Ijeiug  immaterial.  Prices  ranging  up  to  about  12 
shillings  per  pound  have  been  obtained  for  mica  plates  3  to  7  inches 
wide  and  from  16  to  20  inches  long.  The  following  general  remarks 
on  the  subject  of  mica  have  been  made  by  our  mica  experts : — 

'•  Mica  taken  from  the  surface  is  usually  decomposed  and  of  no  value, 
but  the  out-turn  frequently  becomes  more  satisfactory  as  deeper  levels 
are  reached.  There  is  also  a  great  loss  in  weight  attending  mining 
operations,  due  to  inferior,  buckled,  and  cross-grained  slabs,  and  this 
mges  generally  from  50  per  cent,  to  90  per  cent,  of  the  out-turn. 
Where  labour  is  cheap  the  mica  should  be  cleaned,  split  and  trimmed 
where  found,  and  packed  in  boxes  not  exceeding  100  Ib.  in  weight. 

"  The  requirements  in  this  article  are  that  plates  or  sheets  should  be 
quite  flat,  smooth,  and  of  an  even  and  uniform  thickness  of  about 
-J  inch.  They  should  be  roughly  trimmed,  square  or  oblong  (no  plate 
to  have  more  than  five  sides),  with  edges  cleanly  cut ;  plates  of  precise 
dimensions  are  unnecessary  until  the  quality  of  the  mica  has  been 
found  to  be  suitable  for  its  sale  as  '  cut  mica.'  It  is  very  important 
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that  the  plates  should  split  easily ;  therefore  all  cross-grained,  ridged, 
or  buckled  plates  must  be  discarded,  and  cracks  or  flaws  carefully 
removed  from  all  mica  sent  forward  for  sale.  Care  should  also  be 
exercised  not  to  pack  in  the  same  case  plates  of  mica  varying  more 
than  one  inch  in  either  length  or  breadth. 

"  Colour  is  immaterial ;  it  may  be  white,  ruby,  amber,  green,  black 
or  yellow,  spotted  or  stained ;  each  variety  is  useful  for  different 
purposes,  but  mica  of  clear  pale  green  or  clear  ruby  colour  is  the  most 
valuable. 

"  There  is  practically  no  sale  for  plates  of  less  than  2  inches  in 
width,  and  but  little  demand  for  plates  over  10  inches  in  width,  but 
the  plates  increase  in  value  with  their  length,  the  smallest  merchantable 
dimension  being  3  inches. 

"  Samples  sent  for  valuation  should  be  at  least  50  Ib.  in  weight." 
February,  1899. 

Canadian  Mica  received  from  Dr.  George  M,  Dawson,  F.R.S., 
Director  of  the  Geological  Survey  of  Canada, 

The  four  samples  consisted  of  very  fine  specimens  of  Canadian 
"  knife-trimmed  "  amber  mica,  labelled  as  follows  : — 

1.  Wallingford  Mine. 

2.  Lake  Gerard  Mine. 

3.  Vavasour  Mine. 

4.  Blackburn  Mine. 

They  are  stated  to  represent  a  fair  average  commercial  quality  and  size. 

General  physical  and  chemical  examination  showed  that  the  samples 
were  uniform  in  character,  pliable,  and  softer  than  much  of  the  mica 
which  appears  in  the  English  market. 

In  order  to  ascertain  its  commercial  value,  and  especially  its  fitness 
for  electrical  purposes,  the  samples  were  submitted  to  one  of  the  largest 
electrical  manufacturers  in  London,  and  also  to  one  of  the  largest  mica 
brokers  in  the  City. 

The  electrical  manufacturers  report  that  the  mica  is  suitable  for  a 
variety  of  electrical  purposes,  but  they  refrain  from  quoting  a  price  for  it, 
and  recommend  that  this  could  be  done  better  through  mica  merchants. 

The  mica  merchants  have  taken  considerable  pains  in  examining  the 
samples,  and  have  made  a  very  full  report.  They  state  that  the 
approximate  values  in  the  London  market  are  as  follows : — 

Wallingford  .  .  Is.         to  Is.  Go?,  per  pound. 

Gerard      .  .  .  .Is.  6d.  to  Is.  8d.    „         ,, 

Vavasour  .  .  .3s.  Qd.  to  3s.  9c?.    ,,         ,, 
Blackburn  4s.  9c?.  to  5s.  6c?. 


MICA.  29 

It  must  be  remembered  that  these  prices  are  regulated  even  more 
by  the  size  of  the  plates  than  by  the  intrinsic  peculiarities  of  the 
specimen. 

The  brokers  add  that  the  "Wallingford  sample,  being  of  especially 
fine  quality,  would  be  eagerly  sought  after  in  the  British  market.  The 
product  of  the  Vavasour  Mine  would  also  command  a  large  sale  here. 
The  Blackburn  sample,  to  which  a  large  price  is  attached  chiefly  on 
account  of  the  size  of  the  plates,  shows  rather  serious  cracks,  and  is  not 
quite  flat,  otherwise  it  would  be  of  even  greater  value.  It  is  also 
pointed  out  that  the  Lake  Gerard  mica  ought  to  command  greater 
success  in  the  British  market  than  has  hitherto  been  the  ca.se.  Its 
indifferent  success  is  attributed  by  the  brokers  chiefly  to  an  attempt 
to  do  direct  business  through  a  London  office,  instead  of  proceeding 
through  the  usual  channels. 

On  the  general  question  of  the  uses  and  comparative  value  of  the 
Canadian  amber  mica,  the  brokers  remark  that  this  variety  of  mica  is 
of  no  other  value  than  for  electrical  purposes,  its  special  value  being 
principally  due  to  its  softness  and  easy  lamination.  They  are  of 
opinion  that  Canadian  amber  mica  is  of  greater  value  for  electrical 
work  than  most  of  the  Indian  mica  that  comes  to  this  country.  They 
remark,  however,  that  there  are  two  or  three  varieties  of  Indian  mica, 
such  as  White  Bengal,  Cochin,  from  the  TVest  Coast  of  Madras,  and 
Ceylon  amber  mica,  which  compare  very  favourably  with  the  Canadian 
product,  whilst  the  selling  prices  of  these  Indian  varieties  are  often 
from  one-third  to  one-half  those  asked  for  Canadian  mica.  They  con- 
firm the  opinions  expressed  in  Dr.  Dawson's  letters  of  February  16th 
and  April  4th  of  this  year,  that  Canadian  miners  obtain  a  better  price 
in  the  United  States  than  in  the  London  market,  chiefly  from  the 
circumstance  that  American  electricians  prefer  the  Canadian  product, 
which  is  close  at  hand,  and  can  be  depended  upon  for  uniformity  and 
quality,  and  regularity  of  supply. 

Although  circumstances  point  to  the  United  States  as  being  the 
natural  outlet  for  Canadian  mica,  nevertheless,  it  would  be  worth 
while  to  take  steps  to  make  it  better  known  in  the  British  market, 
since  there  are  several  factors  operating  against  the  Indian  product, 
especially  in  the  matters  of  tariff  and  regularity  of  supply. 

If  the  proprietors  of  the  mines,  represented  by  the  samples  now 
under  consideration,  are  of  opinion  that  the  values  quoted  are 
sufficiently  encouraging  to  make  it  worth  while  to  send  trial  shipments 
to  this  country,  the  Department  will  put  them  in  coir.munication  with 
the  brokers,  who  have  expressed  their  willingness  to  furnish  any 
assistance  in  their  power, 

December,  1900. 
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Mica  from   Southern    Nigeria,    received    from   the   Officer 
Administering  the   Government,  through   the 
Secretary  of  State  for  the  Colonies. 

With  reference  to  the  circular  despatch  from  the  Officer  Administering 
the  Government  of  Southern  Nigeria  to  the  Colonial  Office,  No.  299, 
dated  13th  September,  1901,  the  sample  of  talc  or  mica  there  referred  to 
as  having  been  found  in  large  quantities  on  the  surface  of  the  ground 
in  the  Owo  district  has  been  examined.  It  is  rightly  concluded  that 
this  mica,  if  found  in  much  larger  pieces,  would  be  of  commercial 
value.  Should  there  be  no  indication  in  the  district  of  a  surface 
out-crop  of  granitic  or  other  rock  bearing  mica,  it  would  be  advis- 
able to  make  diggings  with  the  view  of  discovering  if  such  deposits 
occur  some  feet  below  the  surface.  Should  such  deposits  be  discovered, 
a  representative  mass  should  be  sent  here  for  examination. 

The  mining  of  mica  is,  of  course,  a  special  subject,  as  to  which  it 
would  be  desirable  to  have  the  opinion  and  advice  of  an  expert,  as  soon 
as  it  has  been  actually  ascertained  that  valuable  deposits  occur  in  the 
district. 

This  Department  has  had  considerable  experience  in  the  examination 
and  valuation  of  mica  derived  from  India,  Canada,  and  several  other 
colonies  and  dependencies  of  the  Empire,  and  will  be  very  ready  to 
afford  any  further  assistance  in  the  matter. 

A  copy  of  the  Imperial  Institute  Handbook  on  Indian  Mica,  which 
contains  a  good  deal  of  general  information  on  the  subject  likely  to  be 
useful  in  localising  the  deposits  in  the  Owo  district,  is  enclosed. 

January,  1902. 

Since  the  despatch  of  the  first  report  on  the  small  pieces  of  mica 
found  on  the  surface  of  the  ground  in  the  Owo  district,  the  Secretary's 
letter  dated  24th  January,  1902,  has  been  received,  together  with  the 
box,  there  referred  to,  containing  larger  specimens  of  mica  and  a  small 
sample  of  mica-bearing  rock,  these  samples,  according  to  the  report 
enclosed  of  the  Divisional  Commissioner  of  the  Western  Division, 
having  been  obtained  by  digging  about  two  feet  below  the  surface  at 
lyire,  two  miles  to  the  south-east  of  Owo. 

The  mica  and  also  the  rock  in  which  it  occurs  have  been  carefully 
examined.  The  rock  is  undoubtedly  quartzite.  The  mica  is  of  superior 
quality  as  regards  transparency  and  colour,  but  unfortunately,  besides 
showing  the  deteriorating  influences  of  weathering,  as  might  be  expected 
in  mica  mined  so  near  the  surface,  the  regularity  of  the  surface  of  the 
plates  is  much  spoilt  by  striations,  probably  the  result  of  superincumbent 
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procure.     Plates  thus  damaged  are  of  smaller  commercial  value,  even 
though  their  size  may  be  considerable. 

A  portion  of  the  sample  was  submitted  to  a  large  firm  of  mica 
brokers  for  a  technical  report,  which  is  as  follows  : — 

'•  It  is  always  difficult  to  give  an  opinion  on  mica  crystals  obtained  from 
near  the  surface,  as  in  the  present  instance,  owing  to  the  deteriorating 
influences  of  water,  etc.,  and  it  must  be  left  to  those  on  the  spot  to  consider 
whether  it  appears  to  be  worth  while  to  excavate  at  some  little  expense  to 
discover  if  there  is  a  supply  of  large  slabs  or  crystals  in  sound  condition — that 
is  to  sav,  free  from  striations  and  perfect  in  cleavage.  The  specimen  you  send 
me  is  almost  entirely  striated,  and  we  have  got  out  a  small  plate  free  from 
defects  which  would  only  be  worth  about  2d.  a  pound.  If  such  quality  as  this 
(or  better)  could  be  obtained  in  very  much  larger  sizes,  fair  price  could  be 
secured,  say  from  6<7.  to  3.*.  6<?.  per  pound,  if  not  containing  interlaminar 
inclusions  more  marked  than  those  in  the  small  plate  cut  from  your  specimen. 
(Specimen  enclosed  herewith.) 

"The  mica  is  almost  colourless,  and  it  is  quite  possible  that  crystals  may  be 
found  in  large  sizes  free  from  any  stain  through  infiltration  of  water  laden 
with  foreign  matter,  in  which  case  values  would  be  considerably  enhanced." 

It  would  be  desirable  to  make  further  explorations  of  the  deposits  of 
mica  occurring  in  this  district.  The  mineral  evidently  belongs  to 
muscovite  series,  and  is  of  the  same  variety  as  that  now  obtained 
from  India  which  commands  high  prices  in  the  European  markets. 

It  is  now  necessary  to  dig  much  deeper  in  order  to  get  below  the 
mineral  which  has  suffered  from  the  effects  of  weathering.  In  doing 
this  it  is  important  that  care  should  be  taken  to  ascertain  the  exact 
position  which  the  large  slabs  of  mica  occupy  in  the  deposit,  so  that  a 
trench  may  be  made  round  them,  and  the  surrounding  earth  or  rock 
removed  in  such  a  manner  as  to  avoid  fracture  of  the  slab ;  by  this 
means  very  large  plates  may  lie  obtained  which  would  be  of  considerable 
commercial  value. 

Mica  which  occurs  in  hard  quartzite  generally  shows  to  a  greater  or 
less  extent  striations  which  are  the  result  of  pressure.  It  is  probable 
that  mica  may  also  be  found  in  this  district,  embedded  in  soft  micaceous 
schist,  in  which  it  is  usually  found  free,  or  nearly  so,  from  striations, 
and  from  which  it  is  easier  to  obtain  it  without  fracturing  the  plates. 

It  is  hoped  that  the  Imperial  Institute  Handbook  on  Mica  forwarded 
with  the  last  report  may  l>e  of  assistance  in  furnishing  further  in- 
formation on  the  subject  of  mica  deposits  and  mining. 

As  the  whole  question  is  one  of  considerable  importance  to  the 
Protectorate,  and  as  it  appears  that  other  valuable  minerals  may  occur 
in  these  formations,  it  seems  desirable  to  obtain  the  services  of 
a  geological  expert  to  make  a  thorough  examination  of  the  country, 
and  to  report  upon  the  steps  which  should  be  taken  to  utilise  its 
mineral  deposits. 

Mc<:J>.  1902. 
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Mica  from  Somaliland,  received  through  the  Foreign 

Office. 

The  sample  consisted  of  two  thin  plates  of  irregular  shape  about 
8  in.  long  and  4  in.  broad.  The  material  was  somewhat  cracked, 
and  showed  a  number  of  natural  flaws  throughout  the  substance. 

These  samples,  both  in  size,  general  appearance,  and  quality,  com- 
pare very  unfavourably  with  samples  of  mica  from  India  and  Canada 
which  have  been  recently  examined  by  this  Department. 

The  specimens  from  Somaliland  were  submitted  to  a  well-known 
expert  in  this  subject,  who  reports  that  although  the  particular  samples 
are  inferior  in  size  and  badly  cracked,  the  deposit  from  which  they 
were  obtained  might  yield  a  more  satisfactory  product. 

The  opinion  is  expressed  that  there  would  probably  be  no  advantage 
to  be  gained  in  exploiting  these  deposits,  since  the  average  price  of 
mica  of  this  description  would  not  exceed  1*.  per  pound  in  London,  a 
price  which  would  not  compensate  for  the  heavy  freight  charges  from 
Somaliland. 

Having  regard  to  the  fact  that  mica  of  the  finest  quality  is  now 
brought  in  abundance  from  Calcutta  and  Madras  at  a  low  rate  of 
transport,  and  that  India,  with  its  cheap  native  labour,  is  able  to  meet 
about  75  per  cent,  of  the  requirements  of  the  whole  world  in  this 
material,  it  does  not  seem  likely  that  mica  from  Somaliland  can  be 
profitably  exported  to  this  country.  It  has  also  to  be  remembered 
that  mica  of  extremely  fine  quality  is  now  being  mined  in  large 
amounts  in  Canada,  and  has  already  begun  to  compete  with  the 
Indian  material. 
Mail,  1901. 

In  May  1901,  a  report  was  furnished  upon  a  small  sample  of  mica 
from  Somaliland,  which  proved  to  be  of  inferior  quality.  Larger 
samples  of  mica  having  been  since  received  from  the  Somaliland  Pro- 
tectorate, together  with  a  report  by  the  Public  Works  Overseer,  the 
matter  has  been  further  investigated  and  the  advice  of  experts  taken 
with  reference  to  the  prospects  of  mica  being  obtained  from  these 
deposits  of  sufficiently  good  quality  to  justify  their  exploitation. 

The  new  samples  consisted  of  ten  plates  marked  A,  which  for  con- 
venience of  reference  we  numbered  1  to  10  ;  and  a  large  mass 
marked  B. 

It  is  clear  from  Mr.  Hodgson's  interesting  report  that  considerable 
deposits  of  mica  occur  in  the  Protectorate,  some  of  which  appear  from 
his  account  and  from  the  samples  submitted  to  be  well  worth  further 
attention,  especially  in  view  of  Mr.  Hodgson's  calculation  as  to  the  cost 
of  transport  and  freight, 
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The  samples  have  been  submitted  to  the  principal  mica  brokers  and 
experts  in  London.  One  broker  reports  that  sample  [A,  No.  1,  being 
clear  brown  mica,  would  be  worth  about  4«.  per  pound.  The  other 
samples  marked  A  are  of  inferior  quality  and  would  fetch  very  much 
less.  Sample  B  is  considered  to  be  of  inferior  quality.  It  is  pointed 
out  that  the  plates  are  too  thin,  and  that  they  should  be  trimmed  to 
one-eighth  of  an  inch  in  thickness.  This  firm  is  of  opinion  that  if 
transport  and  labour  are  cheap,  and  the  cost  of  freight  not  too  heavy, 
the  deposits  might  pay  to  work.  They  point  out,  however,  that  this 
mica  would  have  to  compete  with  heavy  regular  shipments  from 
India,  which  supplies  mica  of  a  similar  description  but  generally  of  finer 
quality  than  the  samples  now  under  consideration. 

Another  firm  of  mica  brokers  report  that  most  of  the  samples  have 
apparently  l^een  taken  from  near  the  surface,  and  being  small  are  not 
suitable  as  a  basis  for  a  commercial  report.  They  consider,  however, 
that  the  material  gives  promise  of  good  mica  being  contained  in  the 
deposits.  They  suggest  that  larger  samples  of  from  10  to  14  pounds 
should  be  sent  for  further  examination. 

A  firm  of  mica  experts  who  deal  largely  in  Indian  mica  have  examined 
the  samples,  and  state  that  the  mica  is  of  fair  quality,  but  the  plates  are 
too  thin  and  small  to  enable  them  to  give  a  satisfactory  opinion  as  to 
their  commercial  value.  They  point  out  that  much  must  depend  upon 
the  nature  of  the  entire  deposit  and  the  cost  of  working  it. 

In  addition  to  obtaining  these  reports  from  the  commercial  side,  the 
opportunity  has  been  taken  of  consulting  one  of  the  principal  Officers 
of  the  Geological  Survey  of  India  who  has  made  a  special  study  of  mica, 
and  who  happened  to  be  on  leave  in  this  country.  After  examining 
the  specimens  and  hearing  Mr.  Hodgson's  report  he  thought  the  matter 
well  worth  further  enquiry,  and  suggested  that  an  expert  on  the  subject 
should  be  sent  out  to  advise  as  to  further  operations. 

In  the  light  of  all  the  information  it  is  clear  that  further  exploration 
of  these  deposits  is  desirable.  There  appear  to  be  two  ways  in  which 
this  could  be  managed.  One  would  be  to  engage,  say  for  a  year,  a 
competent  mineralogist  having  special  experience  in  mica  to  go  out  to 
Sorualiland  and  report  upon  the  further  exploitation  of  the  mineral. 
If  this  step  should  be  decided  upon  it  might  be  suggested  that  one  of 
the  younger  mineralogists  should  be  engaged  in  this  country,  and  that 
on  his  way  out  to  Somaliland  he  should  first  proceed  to  India  and  study 
the  methods  of  mining  mica  which  are  in  operation  there.  The  advant- 
age of  this  arrangement  would  be,  that  besides  bringing  information  as 
to  the  latest  methods  of  mining  mica,  this  mineralogist  would  also  be 
able  to  furnish  advice  with  reference  to  other  minerals. 

The  second  plan  would  be  for  the  Government  of  the  Protectorate  to 
I.  D 
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grant  a  provisional  licence  or  option  to  one  of  the  firms  interested  in 
mica  in  this  country,  and  allow  them,  under  specified  conditions,  to 
proceed  with  the  development  of  the  deposits. 

This  Department  will  furnish  any  further  assistance  which  may  be 
desired. 

A  Handbook  on  Mica  Mining  in  India,  which  contains  a  great  deal 
of  useful  information,  is  enclosed,  and  also  a  memorandum  on  the 
Preparation  of  Mica  for  the  English  Market,  which  has  been  issued  by 
one  of  the  principal  firms  in  London. 

July,  1902. 


CLAY 

Clay  from  Vancouver  Island,  received  through  the  Acting 

Agent-General  for  British  Columbia, 

THE  sample  consisted  of  about  one  pound  of  dry  clay  of  a  bluish 
colour.  The  chemical  analysis  shows  that  it  possessed  the  following 
composition  : — 

Actual  clay 25-59  per  cent. 

Hydrated  silica 51-60        „ 

Felspar 11-95        „ 

Sand 11-48        „ 

The  25-59  per  cent,  of  actual  clay  is  made  up  as  follows  : — 
Silica  .......         11-37  per  cent. 

Alumina  and  ferric  oxide     .         .         .  9-38        „ 

Potassium  oxide  .....  1-44        ,, 

Combined  water  .         .         .         .         .  3-4          ,, 

It  is  clear  from  the  above  results  that  the  clay  has  the  composition 
of  a  silicate  of  aluminium.  It  is,  however,  present  in  the  material  to 
the  extent  of  only  one-fourth  part  by  weight.  The  presence  of  the 
felspar  and  sand,  which  together  make  up  another  fourth  part  by 
weight,  would  not  be  likely  to  present  any  difficulty  in  the  employment 
of  the  clay.  The  large  proportion  of  hydrated  silica,  which  is  unusual 
in  a  clay  of  this  origin,  would  very  seriously  detract  from  its  usefulness 
in  the  manufacture  of  glass,  pottery,  or  bricks,  owing  to  the  consider- 
able shrinkage  which  would  necessarily  take  place  on  heating  a 
material  containing  so  much  of  this  substance. 

A  sample  of  the  clay,  as  received,  was  submitted  to  very  large 
plate-glass  manufacturers  in  the  north  of  England,  and  also  to  a 
well-known  firm  of  potters  and  brick-makers. 

The  glass  manufacturers  are  of  opinion  that  the  material  is  unsuit- 
able even  for  incidental  employment  in  making  the  crucibles  used  in  the 
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manufacture  of  plate-glass,  owing  chiefly  to  the  absence  of  a  sufficient 
amount  of  alumina. 

The  potters  report,  that  the  material  contains  too  much  felspar 
and  lime  to  make  it  suitable  for  any  purpose  entailing  a  very  high 
temperature,  whilst  the  large  proportion  of  silica  would  render  it 
liable  to  be  attacked  by  basic  slag.  They  add  that  it  might  possibly 
be  used,  in  conjunction  with  other  clays,  for  general  pottery  purposes, 
but  to  ascertain  this  definitely,  it  would  be  necessary  to  make  a  trial, 
on  a  large  scale,  to  determine  the  amount  of  shrinkage  it  undergoes. 

It  will  be  seen,  therefore,  that  the  prospects  of  an  extensive  employ- 
ment of  this  clay  are  not  very  good,  but  it  appears  to  be  worth  while 
to  make  the  practical  trial  suggested  by  the  potters.  It  would  be  best 
that  this  should  be  done,  if  possible,  in  Canada ;  if,  however,  this 
should  not  be  feasible,  it  would  lie  necessary  to  send  about  one 
hundredweight,  or  more,  of  the  clay  to  this  country,  in  which  case 
arrangements  will  be  made  for  the  experiment  recommended  to  be 
conducted 

July,  1900. 

Clay  from   Horokiwi,  New  Zealand,  received  through  the 
Agent-General, 

The  specimens  submitted  consisted  of  lumps  of  dried  clay  which  were 
easily  reduced  to  powder,  and  proved  to  be  not  entirely  homogeneous. 
It  apparently  included  quartz  in  a  finely-divided  state.  It  is  assumed 
that  the  material  was  submitted  as  mined  without  any  special 
preparation. 

In  the  first  instance  an  analysis  of  the  sample  was  made  from 
powdered  material  which  had  been  passed  through  a  fine  sieve,  and 
then  further  divided  by  grinding  in  an  agate  mortar. 

The  results  of  the  analysis  are  as  follows  : — 

Silica  (SiO.,) 78-36  per  cent. 

Alumina  (A1.,O3)  ....  12-04 

Ferrous  oxide  (FeO)      ....       O93        „ 

lame  (CaO) trace 

Magnesia  (MgO)  .  .       O70        „ 

Titanic  oxide         .....  none 

Metallic  sulphides         ....  none 
Potash  (K.,O)        .  1-36 

Soda(Na,6) 1-06 

Combined  water   .         .         .         .  3*98        „ 

Water  lost  at  10(T  C 1-60       „ 

100-03 
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When  made  into  a  paste  with  water  the  clay  was  easily  moulded, 
and  when  heated  in  the  muffle  withstood  a  high  temperature  without 
fusion.  The  baked  product  was  of  a  pale  terra-cotta  colour;  was 
uncracked  and  hard,  and  capable  of  resisting  considerable  pressure. 

These  results  show  that  the  clay  resembles  very  closely  in  composition 
and  properties  certain  of  the  German  varieties  of  Stourbridge  clay, 
but  differs  from  the  English  variety  chiefly  in  containing  a  larger 
proportion  of  silica  and  less  alumina. 

Indications  having  been  thus  obtained  from  the  chemical  examination 
as  to  the  character  of  the  clay,  a  sample  of  the  material,  together  with  the 
results  of  the  chemical  examination,  was  submitted  to  one  of  the  largest 
potteries  in  this  country  in  order  that  technical  trials  might  be  carried 
out  and  thus  decisively  determine  the  value  of  the  material  as  a  fire-clay. 

A  report  has  now  been  received  stating  that  the  technical  trials 
have  been  quite  satisfactory.  The  clay  is  stated  to  be  easily  worked, 
but  not  to  be  very  tough  owing  to  the  comparatively  small  amount  of 
alumina  it  contains.  For  practical  purposes  it  is  a  good,  clean  clay, 
free  from  iron  "  spots  "  or  "  pins." 

The  results  are  illustrated  by  three  small  tubes  made  from  the  clay 
which  are  enclosed  herewith.  Unless  specially  required  these  should 
be  returned  to  this  Department,  where  they  will  be  kept  for  reference. 

New  Zealand  clay :  three  manufactured  samples  : — 

(1)  Soft-fired  (as  chimney-pots  are  fired).     The    shrinkage   in   this 
case  is  very  slight,  being  only  1  in  40,  although  the  clay  has  become 
fairly  hard  in  the  fire. 

(2)  Hard-fired  sample  glazed  at  upper  end  with  a  felspathic  glaze. 
This  sample  has  shrunk  about  1  in  16.     It  has  taken  the  glaze  well. 

(3)  This   sample   has    been    fired   in   an  ordinary   salt-glaze   kiln. 
Shrinkage  same  as  No.  2. 

It  has  been  definitely  ascertained,  therefore,  that  this  material  would 
be  a  satisfactory  fire-clay,  and  could  be  employed  in  the  manufacture 
of  earthenware,  etc. 

With  regard  to  the  further  question  submitted  by  the  Agent- 
General  as  to  whether  its  existence  indicates  the  presence  of  coal  in 
the  locality,  no  conclusive  opinion  can  be  expressed. 

Fire-clays  undoubtedly  occur  in  carboniferous  strata,  but,  on  the 
other  hand,  are  known  to  occur  without  coal  being  present.  If  borings 
could  be  made  in  the  locality  without  incurring  large  expense  it  would 
certainly  be  worth  while  to  make  them. 

January,  1902. 
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Kaolin   from    Balliceaux,    Grenadines,   St.  Vincent,  forwarded 

through  the  Colonial  Office  by  the  Governor  of 

the  Windward  Islands, 

The  box  received  contained  a  small  mass  of  a  white  mineral  together 
with  a  very  small  specimen  of  a  similar  substance  labelled  "  Kaolin 
from  Demerara."  ^ 

The  official  letter  referred  only  to  one  sample  of  clay  from  the  Island 
of  Balliceaux,  stated  to  be  Kaolin,  on  which  a  report  is  asked  for, 
attention  having  been  drawn  to  the  substance  by  the  report  that  an 
American  Syndicate  had  entered  into  an  agreement  to  purchase  a  very 
large  amount  annually. 

The  material  from  Balliceaux  has  been  submitted  to  complete 
chemical  analysis  and  preliminary  technical  trials  in  the  Laboratories 
of  this  Department.  It  has  been  since  submitted  to  trials  on  a  larger 
scale  in  a  pottery,  where  delay  has  unavoidably  occurred  owing  to 
the  pressure  of  business. 

Chemical  Examination. 

The  specimen  consisted  of  soft  white  lumps  of  clay  which  were  not 
homogeneous  in  composition,  small  white  opaque  granules  being  pre- 
sent together  with  dark  specks  which  were  probably  ferric  oxide. 
The  clay  made  a  satisfactory  paste  with  water  which  was  easily  worked, 
and  this  paste  after  drying  was  white,  and  when  heated  in  the  muffle 
remained  uucoloured,  forming  a  fairly  hard  brick  which  showed  no 
signs  of  fusion  at  higher  temperatu: 

The  analysis  of  the  original  material  furnished  the  following 
results  : — 

Silica       .         .  .  63-04  per  cent. 

Ferric  oxide     .  .  0*5  „ 

Alumina  .  .21-68  „ 

Lime        .         .  .  trace 

Magnesia          .  .  0'72  „ 

Potash  (K..O)  .  .  0-39 

Soda(Xa,6)    .  .  1-02 

Water  (combined)  .  8*17  „ 

Moisture          .  .  4-G7  „ 

These  results  show  that  the  clay  is  one  belonging  to  the  Kaolin  series. 
It  differs,  however,  in  certain  respects  from  representative  samples  of 
the  Kaolin  or  China  clay  used  in  the  manufacture  of  porcelain,  chiefly 
in  containing  an  excess  of  about  20  per  cent,  of  silica,  which  would 
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render  it  infusible  and  in  other  ways  seriously  interfere  with  its 
technical  employment.  It  is  to  be  noted,  however,  that  Kaolin  as 
mined  is  usually  submitted  to  levigation  by  washing  with  water  before 
it  is  employed  in  the  factory  :  a  procedure  which  often  leads  to  the 
removal  of  a  certain  proportion  of  the  silica. 

The  amount  of  clay  from  Balliceaux  was  so  small  that  it  was  not 
possible  to  submit  it  to  levigation.  It  is  probable,  however,  that  this 
would  effect  a  considerable  improvement  in  its  quality. 

Technical  Trials. 

Although  the  sample  of  clay  was  extremely  small  it  was  thought 
desirable  that  some  trials  in  a  pottery  should  be  made  in  order  to  con- 
firm the  inferences  from  the  results  of  the  chemical  examination. 

The  report  from  the  pottery  is  to  the  effect  that  the  clay  is  not  satis- 
factory when  burned,  being  too  porous  and  short  and  also  too  infusible. 
It  therefore  could  not  be  employed  except  in  admixture  with  a  stronger 
clay.  It  is  noted  as  a  satisfactory  property,  that  after  burning  the 
material  remains  white  and  shows  no  discoloration  from  the  presence 
of  impurities. 

It  would  be  worth  while  to  send  to  this  country  say  one  hundred- 
weight of  this  clay  so  that  further  experiments  with  it  may  be 
made.  If  possible  the  material  should  be  levigated  by  washing  before 
being  submitted.  In  any  case  the  results  now  reported  show  that  it 
must  be  submitted  to  this  operation  before  technical  trials  are  made  on 
the  large  scale. 

Clay  from  Demerara, 

As  mentioned  above,  a  small  sample  weighing  about  ]  oz.  of  a 
white  powder  labelled  "  Kaolin  from  Demerara  "  was  enclosed  in  the 
box.  No  information  with  reference  to  this  specimen  has  been 
forwarded.  The  examination  of  it  appears  to  indicate  that  it  is  a 
clay  which  has  been  already  levigated  by  washing,  as  its  composition 
appears  to  be  uniform. 

There  was  only  just  sufficient  for  a  preliminary  chemical  analysis, 
which  furnished  the  following  results : — 

Silica       .         .  .  46 '94  per  cent. 

Alumina .         .  .  36 '23        ,, 

Lime        .         .  .  trace 

Magnesia          .  .  0-21         „ 

Potash  (K,O)  .  .  0-29        „ 

Soda  (Na26)    .  .  0'44 

Water  (combined)  .  13-08        „ 

Moisture  1-73 
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This  material,  whatever  its  origin  may  be,  more  nearly  approaches 
in  its  composition  and  properties  to  true  Kaolin,  and  it  would  be  inter- 
esting to  know  whether  it  has  been  obtained  by  washing  the  crude  clay 
from  Balliceaux.  If  it  is  a  distinct  substance  it  would  certainly  be 
worth  while  to  send  a  consignment  to  this  country,  so  that  its  properties 
and  value  may  be  ascertained  by  actual  trial  in  a  pottery. 
July,  1902. 


VARIOUS    MINERALS 
Minerals  from  British  Central  Africa. 

1.  Washed  sand  from  an  old  river  bed  at  Zumba,  forwarded  with  a 
letter  from  the  Secretary  of  the  Administration,  B.C.  A. 

This  sand  consists  of  a  mixture  of  white  and  black  grains.  The 
white  grains  are  siliceous,  chiefly  quartz.  The  black  grains  are 
titaniferous  magnetic  iron  oxide,  containing  between  50  and  60  per 
cent,  of  iron.  Such  sand  is  not  uncommon,  but  at  present  it  has  not 
been  found  possible  to  utilise  it  for  smelting  iron,  and  it  is  therefore 
of  no  commercial  value. 

2.  Four  small  samples  of  rock,  numbered  1  to  4,  and  one  lanjer  piece 
marked    "gold-bearing,"    received    with    a    letter   from    H.M.    Acting 
Commissioner  and  Consul- General. 

Rocks  N"os.  1  and  2  are  both  igneous  and  of  the  nature  of  mica 
schist,  interspersed  with  quartz.  The  principal  constituents  are  silica, 
iron,  aluminium,  magnesium,  and  sodium.  Xo  metals  of  any  value 
are  present,  and  as  such  rocks  are  very  common  throughout  Europe, 
these  samples  cannot  be  regarded  as  of  any  commercial  value,  although 
in  the  future  they  might  possibly  find  some  application  in  the  manu- 
facture of  pottery  and  glazes,  and  possibly  as  a  source  of  alkali.  No 
definite  opinion,  however,  could  be  expressed  on  these  points  without 
a  further  examination  of  the  samples.  Rocks  Nos.  3  and  4  are  more 
compact  and  homogeneous,  and  are  chiefly  composed  of  a  silicate  of 
iron  and  aluminium,  interspersed  with  quartz.  These  again  are  igneous 
rocks  which  would  not  be  worth  exporting. 

Rock  labelled  "gold-bearing." — This  friable  substance,  composed  of 
siliceous  earth  mixed  with  quartz  and  mica,  does  not  contain   even 
traces  of  gold,  and  there  is  apparently  nothing  to  justify  the  belief 
that  this  rock  is  gold-bearing. 
January,  1899. 
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1.  Sand  from  Kotakota. 

The  sample  consisted  of  small  black  and  white  grains.  The  white 
grains  were  chiefly  quartz ;  the  black  grains,  which  were  attracted  by 
a  magnet,  were  chiefly  oxide  of  iron  containing  titanium. 

Sands  of  this  class  are  very  well  known,  and  are  at  present  of  no 
commercial  value. 

2.  Stone  from  the  Summit  of  Mount  Zomba. 

The  sample  consisted  of  a  reddish-white  porous  mineral,  bearing 
evidence  of  weathering,  and  containing  a  few  crystals  of  clear  quartz. 
On  analysis  it  proved  to  be  chiefly  a  silicate  of  aluminium  and  iron. 
Microscopic  examination  of  the  mineral  leaves  no  room  for  doubt  that 
it  is  a  volcanic  rock  very  much  altered  by  weathering. 

April,  1899. 

Minerals  from  the  Marimba  District. 

Marimba,  No.  6. — This  powdered  mineral  consisted  chiefly  of 
weathered  crystals  of  iron  pyrites  (sulphide  of  iron).  Search  was 
made  for  valuable  metals,  but  none  were  found.  The  material  appears 
to  be  of  no  commercial  value. 

Marimba,  No.  7. — This  is  a  siliceous  rock  containing  crystals  of  iron 
pyrites.  The  rock  is  chiefly  silicate  of  aluminium  with  small  quanti- 
ties of  other  silicates.  The  substance  is  not  likely  to  be  of  any  value, 
except  perhaps  in  the  manufacture  of  pottery  or  porcelain. 

Ore  from  the  West  Shire  District. 

On  examination  this  proves  to  be  a  specimen  of  compact  iron  ore 
partly  composed  of  a  material  resembling  htematite  (ferric  oxide)  and 
partly  of  magnetite  (magnetic  oxide  of  iron).  No  tin  is  present,  and 
no  other  important  metal  in  any  appreciable  quantity. 

If  there  is  any  possibility  of  this  ore,  which  is  very  rich  in  iron, 
being  worked  for  the  metal  with  the  coal  which  occurs  in  the  neigh- 
bourhood, it  would  be  worth  while  to  collect  an  average  sample, 
weighing  a  few  pounds,  and  to  submit  it  to  more  minute  analysis, 
especially  with  reference  to  the  quantity  of  sulphur,  phosphorus,  and 
silica.  Except  for  the  purpose  of  smelting  iron  on  the  spot  the  ore 
would  probably  not  be  of  any  commercial  value. 

May,  1899. 

A  Decayed  Rock  from  the  Songani  Plantations,  British  Central 

Africa,   received  from   H,M.   Commissioner 

and  Consul-General, 

The  specimens  consisted  of  four  lumps  of  ferruginous,  somewhat 
sandy  material,  evidently  representing  for  the  most  part  the  weathered 
debris  of  rocks.  It  had  no  smell,  was  neither  alkaline  nor  acid,  and 
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contained   little  or  no  chalk.     The    total  weight  of    the   sample  was 
about  a  quarter  of  a  kilogram. 

In  view  of  the  fact,  mentioned  by  Mr.  Sharpe,  that  the  coffee  crop 
never  suffers  from  drought  where  this  rock  is  present,  and  generally 
thrives  where  its  fragments  are  strewn  about,  it  became  desirable  to 
submit  the  soil  to  complete  chemical  anal; 

It  is  important  to  put  on  record  the  exact  method  used  in  this 
analysis,  so  that  in  the  future  if  a  further  examination  should  be 
required  there  will  be  no  difficulty  in  working  under  exactly  the  same 
conditions.  The  method  of  analysis  adopted  is  that  laid  down  by  the 
Eleventh  Annual  Convention  of  the  Association  of  Official  Agricul- 
tural Chemists  at  Washington,  U.S.A.,  which  is  printed  in  "Wylie's 
Agricultural  Chemistry,  Vol.  I.  p.  454. 

The  soil  was  roughly  crushed   and  air-dried  at   a  temperature  of 
CL  (78    F. ).    The  dry  material  was  then  rubbed  in  a  large  mortar, 
and  passed  through  a  sieve  having  square  apertures  of  1  mm.     By  this 
means  the  larger  particles,  which  may  be  called  gravel,  were  separated. 
The  remainder  was  again  rubbed  in  the  mortar  and  passed  through 
a  finer  sieve  having  meshes  of  i  mm.     In  this  way  the  finer  gravel 
was  separated,  the  soil  proper  passing  through  the  sieve.    The  approxi- 
mate constituents  of  the  weathered  rock  may  thus  be  stated : — 
Coarse  gravel   .       £'0  grams 
Fine  gravel       .        64       „ 
Soil  .          .      100      „       (passing  through  a  |  mm.  sieve). 

The  soil  only  was  used  for  the  analysis.  The  percentage  of  moisture 
having  been  ascertained,  the  results  are  stated  on  the  dried  material. 


Constituents. 

Mysore. 
Soil                    Coffee  soil 
from      •               (Voelcker) 
B.C.A.                  Per  cent. 
Percent.  __^_  _ 

Coorg. 
Coffee  soil 
(Massey) 
Per  cent. 

I.           II. 

III.         IV. 

Moisture  .... 

3-66 

_          _ 

_ 

6-68      6-22 

7-02 

7-42 

Organic  matter  and  com-1 
bined  water           .         J 

8-03 

7-15 

13-75 

13-30 

3-70      4-30 

3-97 

4-84 

Ferric  oxide  Fe<,O3   . 

8-62 

5-04      11-83 

I2*U2 

4-20      3-82 

5-00 

3-42 

Alumina  AL,03 

18-90 

20-39      11-53 

13-81 

5-40      6-22 

6-19 

6-13 

Lime  CaO 

0-63 

0-20        0-32      0-32 

0-86      0-99 

083 

1-00 

Magnesia  MgO 

0-29 

0-28        0-10      0-30 

021      0-3U 

026 

0-35 

Potash  K20      . 

0-23 

0-25 

0-12      0-10 

0-62      0-75 

0-53 

0-68 

Soda  Xa.,0 

0-26 

0-12 

0-15      0-09 

0-38      0-34 

0-30 

0-41 

Phosphoric  acid  P203 

0-51 

0-13        0-02      0-10 

0-40      057 

0-71 

0-81 

Sulphuric  acid  SO3  . 

Q-06 

0-03 

_           n  4,', 

0-12      021 

0-19 

020 

Carbonic  acid  CO.-,  "  . 





0-21      0-30 

0-19 

0-24 

Chlorine  Cl        .    "    . 







0-02      0-03 

0-09 

0-08 

Silica  and  insoluble  matter 

59-01 

66-40 

60-34 

57-38 

75-97 

74-68 

73-83 

Nitrogen      as      organic  ) 
matter   and   ammonia  J 

0-081 

0-032 

0~20 

0-20 

069      0^83 

0-79 

0-86 

Nitrates   .... 

Small 

— 

—         — 

—         — 

—         — 
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The  results  of  this  analysis  show  that  the  soil  in  question  has  very 
much  the  same  composition  as  the  soils  which  have  been  found  most 
suitable  in  India  for  growing  coffee,  as  will  be  seen  from  the  succeeding 
columns  of  the  above  table,  which  include  the  results  of  the  analysis 
of  three  samples  of  coffee  soil  from  Mysore  by  Dr.  Voelcker  (Report 
to  Government  of  India,  p.  412),  and  of  four  samples  of  coffee  soil 
from  Coorg  by  Mr.  Massey  (Chemical  News,  1895,  p.  261). 

Unfortunately  neither  of  these  analysts  has  given  full  details  as  to 
the  method  of  preparing  and  analysing  the  samples,  nevertheless  the 
results  are  probably  very  nearly  comparable.  It  appears  that  the  soil 
contains  in  fair  proportion  two  constituents  which  are  of  importance 
in  connection  with  coffee,  namely,  oxide  of  iron  and  lime.  It  is  prob- 
able that  the  addition  to  the  African  soil  of  a  small  proportion  of 
chalky  earth  might  be  an  advantage. 

The  most  important  deficiency  of  the  soil  is  in  nitrogenous  organic 
constituents,  which  points  to  the  desirability  of  introducing  it  into  a 
loamy  soil  rich  in  humus.  The  composition  of  the  ordinary  soil  in 
which  coffee  is  grown  in  Nyasaland  does  not  appear  to  have  been 
recorded,  but,  assuming  it  to  be  rich  in  nitrogenous  constituents,  there 
can  be  no  doubt  as  to  the  advantage  to  be  derived  from  the  intro- 
duction of  the  decayed  rock  now  under  consideration. 
November,  1899. 

Asbestos  from  the  Jobat  State,  Central  India, 

These  two  samples  (labelled  respectively  Yellow  variety  No.  11712-1, 
White  variety  No.  11712)  of  asbestos  have  been  submitted  to  chemical 
examination  and  commercial  valuation  in  accordance  with  the  request 
contained  in  a  letter  from  the  Reporter  on  Economic  Products  (F.S. 
2854— XXII). 

Both  samples  are  similar  in  composition.  They  consist  of  soft, 
friable  asbestos  chiefly  of  very  short  staple.  They  are  of  inferior 
colour ;  even  the  so-called  white  variety  having  a  dirty-grey  appear- 
ance, and  are  somewhat  contaminated  Avith  mineral  impurity. 

Although  it  was  apparent  that  the  asbestos  was  of  little  commercial 
value,  the  samples  were  submitted  to  a  well-known  expert  in  the 
subject,  who  reports  that  the  substance  is  of  the  "  very  lowest  possible 
quality,"  and  would  not  even  pay  the  cost  of  freight. 

It  is  just  possible  that  a  local  use  might  be  found  for  the  substance, 
as  a  fire-proof  material  for  packing,  or  perhaps  it  might  be  applied, 
in  the  powdered  state,  for  decorative  work,  in  the  manner  in  which 
material  having  similar  properties,  but  of  higher  quality,  is  now  largely 
utilised  in  Europe. 

May,  1901. 
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Graphite  obtained  from  the  Kalahanda  State,  Central  Provinces, 
by  Dr,  T,  L,  Walker,  of  the  Geological  Survey  of  India. 

The  material  consisted  of  several  large  rounded  pieces  readily  crumb- 
ling to  powder.  Its  colour  was  greyish-black,  showing  a  slight  metallic 
lustre,  but  deficient  in  the  laminated  appearance  characteristic  of  the 
best  Ceylon  Graphite.  The  powder  was  distinctly  greasy  to  the  touch 
and  readily  marked  paper.  Its  specific  gravity  was  2 '05. 

The  following  are  the  results  of  its  chemical  analysis  : — 

Moisture  (at  120°  C.)     ....          1-1 2  per  cent. 
Volatile  matter  (at  red  heat)           .          .          3'89          „ 
Ash 31-87 

The  ash  was  chiefly  composed  of  silicate  of  aluminium  and  calcium, 
with  some  ferric  oxide. 

It  is  obvious  from  these  results  that  the  Graphite  is  of  poor  quality 
and  could  not  compete  with  the  Graphite  now  so  largely  exported  from 
Ceylon.  As,  however,  it  seemed  possible  that  it  might  be  employed 
in  the  manufacture  of  crucibles,  the  Morgan  Crucible  Company  were 
good  enough  to  give  it  a  technical  trial.  They  report  that  it  is  of 
very  poor  quality,  being  almost  entirely  deficient  in  flake  and  produc- 
ing a  very  dead  powder.  They  state  that  it  might  be  used  to  a  limited 
extent  for  the  purpose  for  which  the  commonest  Ceylon  dust-plumbago 
is  used,  but  its  value  would  certainly  not  be  more  than  from  £3  to  £4 
per  ton  delivered  in  barrels,  c.  i.  f.  London. 

It  may  be  added  as  a  point  of  some  interest  that  this  Graphite 
appears  to  be  associated  with  a  small  quantity  of  hydrocarbons  of  the 
nature  of  petroleum.  This  is  a  point  which  may  deserve  further 
investigation. 

November,  1901. 

Quartz  Sand  and  Grey  Clay  from  New  Zealand,  received  from 
the  Agent-General, 

These  specimens  were  sent  in  order  that  their  composition  might  be 
ascertained,  and  their  suitability  determined  for  the  manufacture  of 
glass,  porcelain,  and  fine  earthenware. 

(Quartz  Sand. 

This  specimen,  which  was  nearly  quite  white,  was  submitted  to 
analysis  with  the  following  result : — 

Silica .      99-3     per  cent. 

Ferric  oxide   ......        O17         ,, 

Calcium  oxide  O08 
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These  analytical  results  are  very  satisfactory,  and  indicate  that  this 
sand  is  likely  to  be  of  considerable  service  for  the  manufacture  of  glass, 
since  its  composition  is  very  close  to  that  of  the  best  Belgian  sands 
which  are  extensively  used  for  glass  manufacture  in  this  country.  In 
order  to  obtain  definite  information  as  to  the  value  of  the  New  Zealand 
specimen,  a  sample  was  sent  to  one  of  the  largest  manufacturers  of 
plate-glass  in  this  country,  who  reports  that  if  sand  of  the  same  quality 
can  be  regularly  supplied  it  would  command  about  7s.  Gd.  per  ton 
delivered,  f.  o.  r.  at  St.  Helens,  Lancashire.  The  nearest  port  for 
vessels  to  discharge  for  St.  Helens  is  Garston,  near  Liverpool,  on  the 
Mersey,  and  the  price  of  the  material  at  this  port  would  be  about  5s. 
per  ton. 

At  the  present  time  there  is  a  very  large  demand  by  plate-glass 
manufacturers  at  St.  Helens  for  white  sand,  no  less  than  3000  tons  per 
month  being  at  present  consumed. 

The  firm  of  manufacturers  consulted  are  of  opinion  that  if  the  New 
Zealand  sand  could  be  delivered  at  St.  Helens  for  5s.  or  5s.  Qd.  per  ton, 
it  would  enable  bottle  and  sheet-glass  makers  also  to  use  the  material, 
which  would  mean  a  further  consumption  of  at  least  3000  tons  per 
month.  It  will  therefore  be  for  those  interested  in  New  Zealand  to 
consider  whether  it  is  worth  while  to  initiate  a  trade  in  this  country  on 
the  above-mentioned  terms. 

If  an  affirmative  reply  should  be  received  it  would  be  best,  in  the 
first  instance,  to  send  a  shipment  of  about  five  tons  of  the  sand,  so  that 
a  trial  may  be  made  at  St.  Helens,  by  which  means  manufacturers  will 
be  able  to  definitely  prove  that  the  material  comes  up  to  the  expectations 
now  formed  of  it. 

If  necessary,  this  Department  will  furnish  further  advice  on  the 
matter,  and  will  put  those  concerned  in  communication  with  the 
principal  manufacturers  in  this  country. 

Grey  Clay. 

A  firm  of  manufacturers  to  whom  this  clay  was  submitted  report 
that  it  belongs  to  a  class  of  clays  well  known  in  this  country,  where  an 
almost  unlimited  supply  can  be  obtained.  It  is  suitable  for  the 
manufacture  of  certain  kinds  of  pottery,  but  owing  to  the  quantity  of 
iron  shown  by  its  analysis,  it  is  not  likely  to  be  suitable  for  the 
manufacture  of  china  and  fine  porcelain. 

If  it  is  thought  necessary,  in  connection  with  its  employment  in 
New  Zealand,  further  information  as  to  its  composition  and  uses  can  be 
supplied,  although  the  material  is  so  cheap  in  this  country  that  it  would 
certainly  not  be  worth  while  to  export  it  to  Europe. 
February,  1900. 
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Green    Stone    from   New  Zealand,   forwarded   by  the  Agent- 
General, 

The  sample  consisted  of  two  pieces  of  massive  stone,  the  principal 
part  being  a  dark-greenish  mineral  embedded  in  a  matrix  of  light 
yellow,  friable  soil.  The  green-coloured  mineral  was  rather  soft,  being 
easily  scratched  with  a  knife.  Chemical  analysis  showed  that  it  was 
chiefly  composed  of  silicate  of  magnesium,  and  therefore  closely 
resembled  steatite  in  composition.  It  was,  however,  much  harder  than 
this  mineral. 

In  order  to  ascertain  its  value  for  decorative  purposes  the  material 
was  submitted  to  a  well-known  expert  in  such  matters,  who  has  reported 
that  the  material  appears  to  be  "  Nephrite  "  of  inferior  quality,  being 
rather  softer  than  usual,  and  laminated,  so  that  the  stone  could  not  be 
worked  across  the  lied  without  falling  to  pieces.  Its  value  is  stated  to 
be  not  more  than  £1  per  cubic  foot.  The  Expert  Referee  states, 
however,  that  if  large  clean  blocks  of  the  material  could  be  found  of 
good  colour,  they  would  probably  realise  from  £3  to  £10  per  cubic 
foot  in  London. 

October,  1S98. 

Canadian   Felspar,   received  from  the  Curator  of  the  Canadian 
Section  of  the  Imperial  Institute, 

The  sample  consisted  of  one  piece  weighing  about  3-J-  ounces.  It  was 
nearly  white,  opaque,  with  a  somewhat  pearly  lustre.  By  analysis  it 
was  shown  that  the  following  are  the  principal  constituents  of  the 
mineral : — silica,  alumina,  soda ;  in  very  small  quantity,  iron,  calcium, 
magnesium,  potassium. 

It  would  therefore  appear  that  this  mineral  corresponds  very  closely 
with  what  i.s  known  to  mineralogists  as  "  albite,"  a  variety  of 
"soda-felspar"  having  the  formula  Na.,O,  A1.,O3,  6SiO0.  It  would 
probably  be  of  value  for  the  manufacture  of  pottery  and  porcelain,  and 
should  be  submitted  to  brokers  from  this  point  of  view. 

April,  1898. 

Mineral  from  Binn,  Rathmullen,  Co,  Donegal,  Ireland,  received 
from  the  Commercial  Department  of  the  Board  of  Trade, 

This  mineral  was  described  as  "  steatite,"  or  "  soapstone,"  and  was 
said  to  occur,  in  different  qualities,  to  the  extent  of  about  two  acres  as 
a  deep  seam,  through  certain  parts  of  which  a  vein  of  black  lead  was 
said  to  run. 
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The  sample  was  submitted  to  chemical  analysis  in  the  laboratories 
of  this  Department,  and  found  to  be  principally  composed  of  silicate  of 
aluminium,  the  black  veins  in  which  consisted  not  of  graphite,  but 
chiefly  of  sulphide  of  iron. 

On  the  1st  October,  1901,  these  facts  were  communicated  as  an  interim 
report,  pointing  out  that  the  mineral  was  a  form  of  clay  and  not 
steatite,  as  the  owner  supposed.  It  was  requested  that  a  larger  sample 
should  be  sent  if  further  investigation  were  desired,  with  the  object  of 
ascertaining  if  the  mineral  could  be  utilised  for  any  technical  purpose. 

The  larger  sample  having  been  received  from  Ireland,  its  examination 
proved  that  it  was  essentially  of  the  same  composition  as  the  first 
sample,  presenting  the  general  characters  of  a  friable  micaceous  schist. 

Analysis  of  an  average  sample  of  the  mineral  furnished  the  following 
results  : — 

Silica  (SiO2) 59-57  per  cent. 

Ferrous  oxide  (FeO)                  .  1-80         „ 

Iron  pyrites  (FeS2)           .         .         .  1'76         ,, 

Alumina  (A1,O3)      .         .         .  22-65 

Lime  (CaO)              ....  nil 

Magnesia  (MgO)     .         .         .         .  1'57         „ 

Potash  (K0O)           .         .         .         .  6-60         „ 

Soda(Na2O)             ....  *  0-75 

Sulphuric'acid  (S03)        .         .  0-44 

Combined  water       .         .         .         .  3-25         ,, 

Moisture  (at  100°  C.)       .         .         .  1'62         „ 

100-01 


These  results  show  that  the  mineral  in  question  is  a  variety  of 
micaceous  schist  most  nearly  resembling  "  Sericite "  in  its  physical 
characters  and  chemical  composition.  When  heated  it  began  to  fuse 
only  at  a  high  temperature.  When  made  into  a  paste  with  water  and 
baked,  a  fairly  compact  product  was  obtained,  which,  however,  readily 
cracked. 

As  it  seemed  possible  that  the  mineral  might  be  serviceable  as  a  clay 
for  the  manufacture  of  pottery  or  earthenware,  a  sample,  washed  free 
from  the  particles  of  sulphide  of  iron  it  contained,  was  sent  for  technical 
trials  to  a  large  pottery.  The  results  of  these  trials  are  not  very 
satisfactory.  It  was  found  impossible  to  work  the  mineral  as  a  clay  on 
the  potter's  wheel  on  account  of  its  being  exceedingly  "  sandy "  and 
not  becoming  sufficiently  plastic  when  mixed  with  water. 

The  baked  material  proved  to  be  too  brittle  even  to  make  bricks. 
For  the  same  reason  it  was  equally  useless  for  the  manufacture  of 
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earthenware.  When  "  salt-glazed  "  it  became  highly  vitrified,  so  that 
the  finished  material  readily  fractured. 

The  potters  conclude  that  the  washed  material  could  not  be  employed 
for  pottery  purposes  except  when  mixed  with  a  very  plastic  clay. 

Three  manufactured  samples  are  sent  herewith  to  show  the  unsatis- 
factory results  obtained  in  the  potteries  working  with  the  material  alone — 

(1)  Soft-fired  at  a  low  temperature.     Result  extremely  friable. 

(2)  Hard-fired  at  a  higher  temperature  in  a  terra-cotta  kiln.     Result, 
hard,  rather  brittle,  showing  a  shrinkage  of  1  in  7. 

(3)  Salt-glazed.     Result,  highly  vitrified,  brittle,  shrinkage  1  in  7. 
It  is  doubtful  whether  it  would  be  worth  while  to  attempt  to  work 

the  material  in  admixture  with  a  plastic  clay,  unless  deposits  of  this 
should  occur  close  at  hand. 

Having  regard  to  the  composition  of  this  material,  two  other  possible 
uses  for  it  suggested  themselves.  On  exposure  to  air  and  water  the 
iron  pyrites  contained  in  the  mineral  undergo  gradual  oxidation,  the 
resulting  sulphuric  acid  decomposing  a  part  of  the  silicate  of  aluminium, 
producing  aluminium  sulphate  from  which  ordinary  alum  could  be 
produced.  From  one  of  the  samples  received  it  was  found  that  a 
considerable  proportion  of  the  aluminium  sulphate  mixed  with  ferric 
sulphate  could  be  removed  by  washing  with  water.  It  is,  however, 
unlikely  that  alum  could  be  pi*ofitably  manufactured  from  this  clay  in 
Ireland. 

Another  possible  application  lies  in  the  extraction  of  the  potash, 
which  is  present  to  the  extent  of  about  6  per  cent.  Soluble  potash  com- 
pounds are  valuable  in  the  arts,  and  are  especially  useful  as  agricultural 
manures.  Experiments  made  with  the  mineral  have  unfortunately 
proved  that  the  insoluble  potassium  compound  present  is  not  rendered 
soluble  during  those  changes  alluded  to  above  as  accompanying  the 
atmospheric  oxidation,  so  that  a  soluble  potassium  compound  would 
probably  not  be  liberated  if  the  material  were  applied  to  the  soil  as  a 
manure.  In  certain  cases  minerals  of  similar  composition  are  stated  to 
have  yielded  some  of  their  potash  to  the  soil  if  applied  mixed  with  lime. 
If  opportunity  offers  manurial  experiments  might  be  tried  in  this  way. 

There  remains  for  consideration  the  use  of  the  material  as  a 
commercial  source  of  potash  salts.  In  the  future  it  is  probable  that 
potassium  compounds  may  be  profitably  extracted  from  this  class  of 
mineral.  At  present,  however,  it  is  doubtful  whether  the  Irish  sericite 
could  be  utilised  for  this  purpose,  partly  because  this  industry  is  at 
present  in  its  infancy  in  this  country,  and  partly  because  this  mineral 
contains  a  smaller  proportion  of  potash  than  many  other  clays  which 
are  abundant  in  the  United  Kingdom, 

January,  1902. 
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Manganese  Ore,  from  Conception  Bay,  Newfoundland, 

The  sample  consisted  of  ir.regular  tabular  pieces  presenting  a 
stratified  appearance ;  the  colour  varied  from  brownish-black  to  black  ; 
and  the  mineral  presented  no  evidence  of  crystalline  structure. 

An  average  sample  was  taken  for  analysis,  and  the  following  results 
were  obtained — 

Moisture  (at  100°  C.)       .         .         .  8-08  per  cent. 

Combined  water       .         .         .         .  8-40         ,, 

Silica  (Si02)  ...  .  17-56 

Ferric  oxide  (Fe2O3)         .         .  2-88  (Fe  2-00%) 

Alumina  (A12O3)  .         .         .  3-96 

Manganous  oxide  (MnO)          .         .  15-50         „ 

Manganese  dioxide  (MnO.,)      .         .  41-13         ,, 

Lime  (CaO)     ..."..  0'26 
Magnesia  (MgO)      ....  0*41         „ 

Baryta  (BaO)  ....  nil 

Cupric  oxide  (CuO)  .         .         .  0-036 

Soda(Na0O)  ....  0-55 

Potash  (K.,O)  .  .  0-41 

Sulphuric  acid  (SO8)        .         .  0-155  (S  -062%) 

Phosphoric  acid  (P2O5)     .  0-229  (P  '100%) 

Carbon  dioxide  (CO.2)       .         .         .  trace 

99^56 

Total  Manganese  (as  metal)      .         .         38-01  per  cent. 

These  results  show  that  the  mineral  is  essentially  a  variety  of 
manganite,  of  fairly  high  grade,  containing  41 -13  per  cent,  of  man- 
ganese dioxide  and  15 -5  per  cent,  of  monoxide,  which  represent  a  total 
of  38  per  cent,  of  metallic  manganese. 

January,  1902. 

Lithographic  Stone  from  the  District    of    Salonica,    received 
through  the  Foreign  Office, 

This  sample  of  lithographic  stone  appears  to  be  of  excellent  quality 
and  well  adapted  for  lithographic  purposes. 

Communications  have  been  addressed  to  several  firms  of  lithographers 
and  agents  for  lithographic  stone  with  the  view  of  ascertaining  whether 
any  English  company  would  be  prepared  to  take  up  the  matter  as 
suggested  in  Mr.  Acting  Vice-Consul  Shipley's  report  of  the  17th 
October. 

Owing  to  the  depressed  state  of  the  lithographic  stone  industry  in 
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this  country,  however,  English  agents  are  not  disposed  to  enter  into 
negotiations  for  purchasing  the  output  of  new  quarries,  and  appear 
to  be  satisfied  with  the  product  of  the  Spanish  mines  in  which  they 
are  at  present  interested.  Further  steps  are,  however,  being  taken 
with  the  object  of  making  known  the  existence  of  the  quarry  near 
Verisovitch.  Particulars  might  also  be  furnished  to  the  Board  of 
Trade  in  order  that  the  existence  of  a  new  source  of  this  stone  may 
be  made  known  through  the  medium  of  the  Board  of  Trade  Journal. 
February,  1902. 

Petroleum  from  Westmoreland  County,  New   Brunswick, 
received  through  the  Agent-General, 

The  petroleum  field  from  which  the  present  sample  was  taken  in 
Westmoreland  County  is  supposed  to  run  through  the  province  of  New 
Brunswick  from  S.E.  to  N.W. 

A  small  sample,  taken  from  the  large  barrel  received,  was  sub- 
mitted to  chemical  examination,  and  the  following  results  were 
obtained  : — 

The  petroleum  was  a  viscous  oil,  flowing  very  slowly  at  the  ordinary 
temperature,  having  a  dark  brown  colour  and  a  specific  gravity  of 
0-^57  at  15°  C.  It  was  subjected  to  fractional  distillation  with  the 
following  results  : — 

Light  petroleum,  boiling  below  150"  C.    .         .       5'6  per  cent. 

Kerosene,  boiling  between  150'  and  30CT  C.    .  28-3      „ 

Solid  hydrocarbons          .....  58-2      „ 

Water,  etc 7" 9       „ 

The  kerosene  was  light  yellow  in  colour,  and  had  a  strong  odour 
arising  from  basic  substances.  After  purification  by  treatment  with 
acid  and  alkali,  this  odour  was  nearly  entirely  removed,  and  its  specific 
gravity  was  then  '7934  at  15°  C. 

These  results  show  that  the  petroleum  in  question  presents  certain 
peculiarities  which  separate  it  both  from  Russian  and  American 
petroleum. 

As  it  appeared  that  the  product  would  undoubtedly  be  of  com- 
mercial value  a  sample  was  submitted,  together  with  a  statement  of 
the  results  of  the  chemical  examination,  to  Dr.  Boverton  Redwood, 
the  well-known  petroleum  expert,  who  has  been  good  enough  to  make 
a  preliminary  examination  and  report  on  the  sample  from  which  the 
following  extract  may  be  quoted  : — 

"  I  find  that  the  oil  differs  essentially  from  Russian  (Baku) 
petroleum  in  containing  a  large  proportion  of  solid  hydrocarbons. 
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Owing  to  the  presence  of  paraffin  and  vaseline  the  crude  oil  ceases  to 
flow  on  being  cooled  to  a  temperature  of  zero  Fahrenheit,  and  on 
being  divided  by  fractional  distillation  into  tenths  by  volume  at 
atmospheric  pressure  and  without  the  use  of  steam  (which  would 
destroy  part  of  the  paraffin),  the  third  fraction  yielded  crystalline 
paraffin  on  being  cooled  to  32°  F.,  and  the  fourth  and  fifth  fractions 
became  semi-solid  through  the  separation  of  solid  hydrocarbons  at  the 
same  temperature. 

"It  is  true  that  the  percentage  of  kerosene  obtainable  without 
dissociation  or  '  cracking  '  (as  the  refiners  term  it)  is  about  the  same 
as  that  yielded  by  some  Russian  oils,  and  therefore  much  lower  than 
that  yielded  by  the  crude  oil  known  as  Pennsylvania!!,  but  the  flash- 
point of  the  crude  oil  (40°  F.,  Abel  test)  indicates  that  the  sample 
has  either  been  obtained  near  the  surface  of  the  ground  or  from  an 
oil-bearing  formation  in  which,  owing  to  geological  conditions,  the  oil 
is  not  effectively  preserved  against  loss  of  constituents  of  lower  boiling 
point  by  evaporation.  It  is  therefore  possible  that  in  the  locality  oil 
may  be  found  which  will  yield  a  larger  proportion  of  the  more  volatile 
commercial  products. 

"  I  find  that  the  crude  oil  only  contains  0*08  per  cent,  of  sulphur, 
which  is  far  less  than  is  present  in  the  peti'oleum  of  the  Enniskillen 
field  in  Ontario,  but  apart  from  this  it  presents  some  resemblance  to 
Canadian  oil. 

"  I  think  the  sample  may  on  the  whole  be  held  to  represent  a  crude 
petroleum  of  a  commercially  valuable  character,  and  I  am  of  opinion 
that  if  such  oil  can  be  obtained  in  quantity  at  a  moderate  cost  the 
field  would  certainly  be  worth  developing." 

It  is  therefore  clear  that  the  sample  of  petroleum  from  Westmore- 
land County,  New  Brunswick,  is  of  commercial  importance,  and  the 
matter  now  appears  to  be  one  upon  which  a  petroleum  expert  should  be 
asked  to  advise  as  to  the  further  development  of  the  field. 

June,  1902. 

Copper  Ore  from  Jamaica,  received  through  the  Colonial 

Office. 

The  sample  weighed  rather  less  than  one  ounce,  and  consisted  of  a 
siliceous  clay  or  shale  containing  streaks  of  a  bluish-green  mineral. 
Analysis  showed  that  it  contained  copper,  and  that  the  whole  of  the 
copper  was  dissolved  by  dilute  hydrochloric  acid,  leaving  a  white 
residue  chiefly  consisting  of  siliceous  matter. 

A  complete  analysis  of  the  ore  was  made  with  the  following 
results  : — 
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Cupric  oxide  (CuO)       .         .         .  6-49  per  cent. 

Lead  oxide  (PbO)          .         .         .  0-12  „ 

Ferric  oxide  (Fe.,O3)      .         .         .  12 '43  „ 

Alumina  (A1.,O8)    "...  U'43  „ 

Lime  (CaO)  "  2-08  „ 

Magnesia  (MgO)  .          .          .          .  3-05  „ 

Zinc  oxide             ....  trace 

Silica  (SiO,,)          ....  52-20  „ 

Carbon  dioxide     .         .         .  1-09  „ 

Water  (and  moisture)    .         .         .  7'62  „ 

It  is  apparent  from  these  results  that  the  mineral  contains  nearly  6 '5 
per  cent,  of  cupric  oxide,  probably  present  in  the  form  of  malachite  or 
some  form  of  basic  copper  carbonate. 

It  seems  very  probable  from  its  composition  that  metallic  copper 
could  be  easily  extracted  from  this  ore  by  one  of  the  well-known 
metallurgical  processes.  It  is,  however,  not  safe  to  pronounce  a 
definite  opinion  on  the  value  of  the  deposit  from  the  analytical  results 
obtained  from  so  small  a  specimen.  These  show,  however,  that  the 
deposit  is  worth  further  examination,  and  it  is  suggested  that  a  repre- 
sentative sample  of  about  half  a  hundredweight  should  be  sent  for 
analysis  and  for  the  report  of  a  metallurgical  expert  as  to  the  com- 
mercial value  of  the  mineral  and  the  best  method  of  treating  it. 
July,  1902. 

Mineral  Specimens  from  Broussa  received  through  the  Foreign 
Office,  from  H.B.M.  Consulate,  Constantinople, 

These  minerals  are  described  in  Despatch  No.  5,  Commercial,  1902, 
from  Mr.  Consul  Eyres,  dated  30th  April,  1902.  Mr.  Eyres  states  that 
the  specimens  were  obtained  by  Mr.  Vice-Consul  Gilbert  sou,  of 
Broussa,  as  representing  mineral  deposits  recently  discovered  in  the 
Broussa  District,  which  seem  likely  to  be  of  commercial  importance 
Mr.  Gilbertson  requests  that  the  Scientific  Department  of  the  Imperial 
Institute  should  be  asked  to  report  on  the  value  of  these  minerals  in 
order  to  enable  him  to  take  such  steps  as  seem  desirable  to  ensure  a 
concession  for  the  working  of  the  deposits  being  put  into  British 
hands. 

The  small  samples  were  received  in  bags  numbered  1,  2  and  3.  Mr. 
Gilbertson  stated  that  mineral  No.  1  appeared  to  him  to  be  Cassiterite 
or  Tinstone,  and  No.  3  Pyrites,  probably  Tin  Pyrites.  He  further 
states  that  the  three  ores  have  been  extracted  from  the  same  place,  and 
that  the  deposits  are  situated  within  three  hours  of  the  sea,  and  that 
the  cost  of  transport  would  be  from  10s.  to  12o>'.  per  ton. 
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The  minerals  have  been  submitted  to  chemical  examination,  with  the 
following  results  : — 

Specimen  No.  1. — This  mineral  consisted  of  a  black  crystalline  mass, 
containing  a  number  of  cavities  from  which  gas  had  evidently  escaped 
while  the  material  was  in  a  semi-liquid  condition.  The  results  of  the 
chemical  analysis  given  below  support  the  view  that  this  specimen  is 
probably  artificial  and  not  a  natural  ore.  The  amount  of  the  chief 
constituents  has  been  determined  as  follows  :  — 

Silica      ....  26*95  per  cent. 

Ferrous  oxide  .  .  59-16  „ 

Ferric  oxide    .  .  .  3'68  „ 

Alumina         .  .  .  5  -30  ,, 

Manganous  oxide  .  .  0'48  ,, 

Lime      .         .  .  2- 76  ,, 

Magnesia        .  .  .  O53  ,, 

The  substance  is  therefore  chiefly  a  silicate  of  iron  very  similar  in 
appearance  and  composition  to  that  produced  as  slag  in  smelting 
operations.  It  would  be  remarkable  if  this  substance  proved  to  be  a 
natural  product. 

It  is  to  be  hoped  that  Mr.  Gilbertson  will  enquire  into  the  matter 
and  ascertain,  if  possible,  the  history  of  this  deposit. 

Specimen  No.  2. — This  specimen  consisted  of  rather  less  than  a  pound 
of  a  dull  reddish  mineral,  evidently  comprising  two  different  substances. 
The  results  of  the  chemical  analysis  show  that  one  of  these  is  hsematite 
or  ferric  oxide,  and  the  other  heavy  spar  or  Barytes ;  the  mixture 
being  composed  of  about  one-third  of  haematite  and  two-thirds  of 
heavy  spar.  It  is  doubtful  whether  this  material  would  repay  the  cost 
of  transport,  but  it  would  be  worth  while  to  obtain  a  broker's  opinion 
on  this  point,  for  which  purpose  it  would  be  necessary  to  send  a  repre- 
sentative sample  of  about  ten  or  twenty  pounds  of  the  ore. 

Specimen  No.  3. — This  mineral  consists  of  quartzite  containing 
sulphides  of  iron,  copper,  zinc  and  lead ;  these  sulphides  being  dis- 
tributed uniformly  in  small  crystals  throughout  the  mass.  The 
analytical  results  are  as  follows  : — 

Metallic  iron  .  .  11-85  per  cent. 

„       zinc  .  .  3-72  „ 

„       copper  .  .  1-26  „ 

„  lead  .  .  1-49  ,, 

Lime  ....  4'40  ,, 

Magnesia  .  .  .  2'77  „ 

Sulphur  .  .  .  13-98  „ 

Silica  42-28 
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This  sample  contained  no  gold,  and  only  a  minute  trace  of  silver. 

Having  regard  to  the  small  amount  of  copper  contained  in  this  ore, 
to  the  presence  of  the  sulphides  of  zinc  and  lead,  and  to  their  mode  of 
distribution,  as  well  as  to  the  fact  that  they  occur  as  sulphides,  and 
that  no  gold  and  only  a  trace  of  silver  are  present,  it  is  doubtful 
whether  the  mineral  is  worth  exporting  or  even  working  on  the  spot. 

September,  1902. 

Tin  Ore  from  the  Bautshi  Tin  Fields,  Northern  Nigeria, 
received  through  the  Deputy  High  Commissioner, 

This  sample  of  tin  ore  is  stated  to  have  been  taken  from  a  depth  of 
about  6  feet  from  the  surface  of  a  plain  lying  to  the  north  of  a  range 
of  hills  about  70  miles  south-west  of  Bautshi  in  Northern  Nigeria. 

The  specimen  weighed  about  one  pound,  and  consisted  of  small  frag- 
ments, most  of  them  less  than  one-eighth  of  an  inch  in  diameter.  The 
material  proved  to  be  chiefly  composed  of  cassiterite  or  oxide  of  tin. 
On  microscopic  examination  a  number  of  small  garnets  and  red  grains 
of  rutile  were  seen  to  be  present,  and  magnetite  and  topaz  in  very  small 
quantities. 

The  mineral,  as  received,  furnished  on  analysis  the  following 
results : — 

Tin  dioxide  (SnO2)          .  .  81-30  per  cent. 

(equal  to  metallic  tin  64  per  cent.) 

Silica  (from  garnets)  (SiO.,)  .        I'O           „ 

Titanium  dioxide  (TiO0)  .       5'46         „ 

Ferrous  oxide  (FeO)  .       6'63 

Alumina  (A1.,O8)    .          .  .        4'60 

Magnesia  (MgO)    .         .  .       0-35 

Lead  oxide  (PbO)  .         .  .       0-25 

Calcium,  Copper,  Gold,  and  Arsenic  were  absent. 

It  is  evident  that  this  is  an  excellent  sample  of  tin  ore,  rich  in  tin  and 
free  from  arsenic.  It  probably  could  be  smelted  direct  after  washing. 
If  any  quantity  of  this  mineral  corresponding  with  this  specimen  exists 
in  Northern  Nigeria  there  can  be  no  doubt  that  it  represents  a  deposit 
of  considerable  commercial  value.  Steps  should  be  taken  to  ascertain 
the  extent  of  the  deposit,  and  a  representative  sample  should  be  sub- 
mitted for  analysis  in  order  to  determine  how  far  the  composition  of 
the  deposit  is  uniform,  and  also  for  technical  trials  in  order  to  ascertain 
the  best  method  of  smelting  the  ore.  If  possible  it  would  be  well  to 
ship  about  one  hundredweight  to  this  country. 

October,  1902. 
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Minerals  from  Northern  Nigeria,  received  from  the  High 
Commissioner. 

Eight  specimens  of  minerals  were  received,  two  of  Wenlock  Lime- 
stone (No.  2),  and  the  fossils  (No.  1)  contained  in  it.  The  remainder 
of  the  specimens  were  small  quantities  of  minerals  sent  for  indentifica- 
tion,  and  as  a  possible  indication  of  the  occurrence  of  precious  metals  in 
this  district,  which  is  stated  to  be  in  the  neighbourhood  of  the  Benue 
River. 

The  minerals  were  labelled  as  follows  : — 

1.  Wenlock  Limestone  Fossils,  Mt.  Ebro. 

2.  Wenlock  Limestone,  Mt.  Ebro. 

3.  Basalt,  Mt.  Ebro. 

4.  Basalt-Lava  and  Felsite,  Mt.  Ebro. 

5.  Nepheline  Basalt,  Mt.  Ebro. 

6.  Olivine  (?),  Mt.  Sabongari. 

7.  (a  and  b)  Spinel  (?). 

8.  Porphyry,  Mt.  Ebro. 

A  paper  enclosed  with  the  specimens  stated  that  Mt.  Ebro  should 
be  "  Abudara." 

No.  2.    Wenlock  Limestone. 

The  sample  of  limestone  marked  No.  2  weighed  about  three  pounds. 
It  presented  the  appearance  of  having  been  taken  from  near  the  surface, 
being  much  weathered  and  disintegrated.  It  consisted  of  a  dark- 
coloured  carbonaceous  crystalline  calcium  carbonate  containing 
numerous  I'emains  of  fossils,  chiefly  shells. 

On  ignition  the  limestone  furnished  a  compact  mass  of  lime  of 
a  brownish-yellow  colour.  This  slaked  well,  and  when  mixed  with 
water  furnished  a  paste  free  from  gritty  particles.  The  slaked  lime 
thus  produced  made  an  excellent  mortar,  which,  although  it  set  some- 
what more  slowly  than  mortar  made  with  English  lime,  finally  became 
hard  and  otherwise  satisfactory. 

There  can  be  no  doubt  that  this  limestone  is  well  adapted  for  the 
manufacture  of  lime,  and  that  this  could  be  employed  in  making  mortar 
and  cement. 

No.  1.  Fossils. 

The  fossils  contained  in  the  limestone  have  been  submitted  to  experts, 
who,  however,  have  been  unable  to  identify  them  with  certainty.  For 
this  purpose  more  perfect  specimens  would  be  needed. 

The  mineral  specimens  have  been  examined  and  identified  as 
follows : — 
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Xo.  3.   Basalt,  Mt.  Ebro. 

This  specimen  consisted  of  two  different  fragments  : — (a)  dark  grey 
decomposed  Olivine  Basalt  (Felspar,  Augite,  and  Oliviue)  containing 
zeolites,  and  (6)  Olivine  Basalt  (Felspar,  Augite,  and  Olivine).  The 
difference  between  the  two  specimens  appears  to  be  the  result  of  the 
first  having  been  partly  decomposed  by  weathering. 

Xo.  4.    Ba*alt-Lnva  undFehite,  Mt.  Ebro. 

This  mineral  consists  chiefly  of  fine-grained  sandstone  which  is 
readily  reduced  to  a  powder.  The  associated  "  lava  "  is  dark  grey  and 
consists  chiefly  of  Olivine  Basalt. 

Xo.  5.   Xephfline  Basalt,  Mt.  Ebro. 

This  sample  is  composed  chiefly  of  Olivine  Basalt  (Felspar,  Augite, 
and  Olivine). 

Xo.  6.   Olivine,  Mt.  Sabongari. 

This  specimen  consisted  chiefly  of  decomposed  and  disintegrated 
Olivine. 

No.  7  (a).  Spinel,  Giddan  Jebu. 

This  sample,  consisting  of  a  number  of  grains,  was  contained  in  a 
small  cartridge-case.  The  grains  included  a  few  fragments  of  Quartz, 
lolite  (a  silicate  of  aluminium  and  magnesium  having  a  dark  blue 
colour),  and  Topaz,  a  piece  of  Limonite,  and  a  large  number  of  Garnets. 

No.  7  (b).  A  Spine/,  River  Benue. 

This  sample  consisted  of  small  grains  contained  in  a  cartridge-case. 
The  predominant  minerals  present  were  Garnets,  fragments  of  Rutile, 
Topaz,  Quartz,  and  Olivine,  with  a  few  crystals  of  Magnetite. 

XM.  S.  Porphyry,  Mt.  Ebro. 

This  specimen  consisted  of  Gneiss  composed  of  pink  orthoclase,  quartz, 
biotite,  and  some  hornblende. 

None  of  these  minerals  is  of  great  commercial  value.  Their  exist- 
ence, however,  probably  indicates  a  geological  formation  which  is 
likely  to  furnish  a  number  of  valuable  mineral  products.  It  is  very 
desirable  that  a  mineral  survey  of  the  country  should  be  conducted  with 
the  view  of  ascertaining  the  nature  and  extent  of  the  economic  minerals 
which  occur. 

That  this  should  be  done  is  the  more  important  since  a  specimen  of 
ore  forwarded  by  Mr.  W.  Wallace,  C.M.G.,  the  Deputy  High  Com- 
missioner, has  been  examined  and  shown  by  analysis  to  consist  of  an 
extremely  rich  ore  of  tin  (see  p.  53). 

October,  1902. 
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FIBRES 

THE  chemical  examination  of  fibres  has  proved  to  be  an  important 
method  of  determining  their  value  for  commercial  purposes. 

The  fibres  referred  to  in  the  following  reports  were  first  submitted 
to  chemical  examination  and  afterwards  sent  for  report  and  valua- 
tion to  brokers  and  experts.  In  order  to  interpret  the  results  of 
analysis,  it  is  necessary  to  have  some  knowledge  of  the  nature  of  the 
substances  of  which  the  fibre  is  composed.  The  fibre  substance  may  be 
regarded  as  consisting  mainly  of  a  mixture  of  compound  celluloses,  the 
ligno-celluloses  and  the  pecto-celluloses  ;  and  each  of  these  constituents 
may  be  viewed  as  a  compound  of  two  substances,  the  true  cellulose  and 
a  non-cellulose  material.  The  pecto-celluloses  are  readily  attacked  by 
boiling  alkali  (v.  Hydrolysis),  the  non-cellulose  portion  being  converted 
into  hydrated  pectic  derivatives ;  the  ligno-celluloses,  on  the  other 
hand,  are  much  less  susceptible  to  the  action  of  alkali,  but  are  slowly 
hydrated  and  partially  dissolved  by  boiling  alkaline  solutions. 

Both  pecto-  and  ligno-celluloses  are  decomposed  by  the  treatment 
with  chlorine  as  described  in  the  method  for  the  determination  of  cellu- 
lose ;  the  non-cellulose  substance  is  rendered  soluble  and  removed, 
whilst  the  true  cellulose  is  not  attacked.  The  percentage  of  true 
cellulose  is  perhaps  the  most  important  factor  in  the  valuation  of  a 
fibre;  a  good  fibre  contains  75-80  per  cent.,  or  even  more. 

By  the  process  of  nitration  the  celluloses  are  converted  into  their 
nitro-derivatives,  giving  a  coiTesponding  increase  in  weight ;  the  ligno- 
celluloses  furnish  bright  orange-coloured  products,  whilst  those  of  the 
pecto-celluloses  are  colourless. 

The  methods  which  have  been  employed  in  the  chemical  examination 
are  chiefly  based  on  those  described  by  Messrs.  Cross  and  Bevan.1 
The  following  is  a  summary  of  the  processes  adopted,  together  with  an 
indication  of  the  manner  in  which  the  results  are  interpreted. 

Moisture. — The  amount  of  moisture  is  determined  by  drying  the  speci- 
men at  100-1 10°  C.  It  is  to  some  extent  an  index  of  the  susceptibility  of 
the  fibre  to  attack  by  hydrolytic  agents.  Textile  fibres  of  the  highest 
class  are  distinguished  by  their  relatively  low  moisture.  Owing  to  the 
variation  of  this  constituent  (1  to  2  per  cent.)  with  changes  in  the 
hygroscopic  state  of  the  atmosphere,  all  the  results  of  analysis  are 
expressed  as  percentages  of  the  dry  fibre. 

1  Report  on  Indian  Fibres  and  Fibrous  Substances. 
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A«h. — -The  ash  is  determined  by  completely  incinerating  the  fibre 
and  weighing  the  residue.  A  large  percentage  of  ash  usually  indicates 
an  admixture  of  cellular  tissue  with  the  fibre.  The  proportion  of 
inorganic  matter  is  low  in  the  ligno-celluloses,  higher  in  the  pecto- 
celluloses. 

Hydrolysis. — (a)  The  fibre  is  boiled  for  five  minutes  with  dilute 
solution  of  sodium  hydroxide  (1  per  cent,  of  Na.,O),  and  is  then 
•washed  free  from  alkali,  dried  and  weighed.  The  loss  in  weight 
indicates  the  proportion  of  the  fibre  removed  by  the  solvent  action 
of  the  alkali. 

(6)  Another  portion  of  the  fibre  is  boiled  for  an  hour  with  alkali  of 
the  same  strength.  In  this  case,  the  loss  in  weight  includes  not  onlv 

•* 

the  substance  removed  by  the  solvent  action,  but  also  that  rendered 
soluble  by  the  "  degrading  "  action  of  the  alkali. 

The  results  yielded  by  these  determinations  afford  an  indication  of 
the  ability  of  the  fibre  to  resist  prolonged  exposure  to  moisture  and  to 
the  alkaline  liquids  used  in  washing.  A  high  percentage  loss  on 
hydrolysis  therefore  implies  a  fibre  of  inferior  quality. 

Mercerising. — The  fibre  is  left  in  contact  with  concentrated  soda 
solution  (33  per  cent,  of  Xa.,O)  for  an  hour;  it  is  afterwards 
thoroughly  washed  with  cold  water,  dried,  and  the  loss  of  weight  deter- 
mined. The  visible  effects  of  this  treatment  are  a  shrinkage  in  length 
of  the  strands  of  fibre  and  the  production  of  a  wavy  or  crinkled  outline 
of  the  filaments.  The  chemical  effect  consists  chiefly  of  hydration 
changes.  The  determination  is  of  value  as  showing  the  power  of  the 
fibre  to  withstand  the  action  of  strong  alkali. 

Xitration. — The  fibre  is  submitted  to  the  action  of  a  mixture  of  equal 
volumes  of  concentrated  nitric  acid  (sp.  gr.  1'42)  and  sulphuric  acid(sp. 
gr.  1-84)  for  one  hour  at  the  ordinary  temperature ;  it  is  then  removed, 
allowed  to  drain  for  a  few  moments,  and  transferred  to  a  beaker  contain- 
ing a  large  volume  of  water.  After  the  fibre  has  been  washed  free  from 
the  acid, it  is  heated  with  water  until  boiling  commences,  and  finally  dried 
in  the  water-oven.  The  increase  in  weight  is  noted.  A  comparison  of 
the  results  given  in  the  following  reports  shows  that  the  increase  in 
weight  on  nitration  bears  a  direct  relation  to  the  other  chemical 
results. 

Cellulose. — The  fibre  is  boiled  for  five  minutes  with  dilute  soda  solu- 
tion (1  per  cent,  of  Na.>O),  is  washed  free  from  alkali,  and,  while  still 
moist,  is  exposed  to  the  action  of  chlorine  gas  for  one  hour.  It  is  then 
washed,  and  treated  with  a  solution  of  sodium  sulphite  which  is  slowly 
heated  until  it  boils ;  after  two  or  three  minutes'  boiling,  the  product 
is  collected  on  a  filter  paper  and  washed  ;  it  is  afterwards  treated  with 
acetic  acid  (20  per  cent.)  and  again  washed,  dried  and  weighed.  The 
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yield  of  cellulose  obtained  from  the  fibre  by  this  treatment  is  the  most 
important  criterion  of  its  composition  and  value. 

Acid  Purification. — The  fibre  is  put  into  acetic  acid  (20  per  cent.) 
which  is  slowly  heated  until  it  boils ;  the  fibre  is  removed,  washed 
first  with  alcohol  and  afterwards  with  water,  then  dried  and  weighed. 
The  loss  in  weight  is  chiefly  due  to  the  removal  of  accidental 
impurities. 

Length  of  Ultimate  Fibre. — A  portion  of  the  cellulose  obtained  in 
the  manner  described  above  is  placed  in  dilute  acetic  acid,  teased  out 
with  needles  and  mounted  on  a  glass  slip ;  the  length  of  a  number  of 
the  ultimate  fibres  thus  separated  is  determined  by  means  of  the 
microscope,  and  the  maximum,  minimum  and  average  lengths  are 
recorded.  These  measurements  constitute  a  very  important  factor  in 
the  valuation  of  fibres. 
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Agave  americana  and  species  of  Sida, 

In  a  memorandum  l  issued  in  June  1894  by  Dr.  Watt,  Reporter  on 
Economic  Products  to  the  Government  of  India,  two  fibre-yielding 
plants  are  specially  mentioned  as  existing  in  India  in  a  wild  or  semi- 
wild  state,  the  cultivation  of  which  might  be  encouraged  with  a  view 
to  their  fibres  becoming,  in  the  future,  established  articles  of  Indian 
export.  The  plants  producing  these  fibres  are  the  American  aloe 
(Agave  americana)  and  several  species  of  Sida. 

1.  Agave. — Two  samples  of  the  Agave  fibre,  one  of  which  (A)  was 
grown  and  prepared  at  the  Botanical  Gardens,  Saharanpur,  in  the  North- 
West  Provinces,  the  other  (B)  received  from  the  Agricultural  Depart- 
ment, Madras,  have  been  submitted  to  Mr.  C.  E.  Collyer,  one  of  the 
Expert  Referees  on  Fibres  to  the  Imperial  Institute,  who  has  reported 
thereon  as  follows  : — 

The  fibres  of  sample  A  were  40"  to  60"  long,  of  light  colour,  good 
strength,  rather  fine  and  somewhat  flat,  similar  and  rather  superior  to 
the  Furcrcea  gigantea ;  finer  in  fibre  than  Manilla  hemp  and  equal  to 
it  for  some  purposes.  Its  value  is  fixed  at  <£22-<£24  per  ton.  The 
fibres  of  sample  B  were  24"  to  30"  long  and  had  cut  ends.  They  were 

1  Memorandum  on  the  Resources  of  British  India,  published  by  the  Government 
of  India — Calcutta,  June  1st,  1894. 
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of  yellowish  colour,  .good  strength  and  good  roping  quality,  and  are 
valued  at  £20-£22  per  ton.  These  samples  showed  an  advance  in 
quality  and  preparation  over  previous  importations  of  the  fibre  of 
Agave  anwrimna,  which  have  usually  been  of  poor  quality.  It  is 
believed  that  fibre  equal  to  the  above  samples  would  find  a  ready  sale 
at  prices  slightly  below  the  current  price  of  Manilla  hemp. 

'2.  Sida. — Mr.  Collyer  has  also  examined  samples  of  Sida  fibre 
from  the  collection  in  the  Indian  section,  with  the  following 
results  : — 

(a)  The  fibres  of  a  sample  of  Sida  carjrinifoUa,  sent  by  Mr. 
Brougham,  of  the  Xellore  District,  Madras,  were  from  12"  to  2G"long  ; 
they  were  a  silky,  finely-divided  bast  fibre,  very  tender  and  of  good 
bright  colour  ;  probable  market  value  £12-£14  per  ton. 

(i)  A  sample  of  fibre  of  Sida  rhonil (folia,  var.  rhomboidea,  from  a 
village  near  Calcutta,  was  a  fine  bast  fibre  of  dull  white  colour,  from 
12"  to  24"  long,  of  medium  strength  and  similar  in  structure  to  jute. 
Estimated  market  value  £12-£13  per  ton.  Three  samples  of  the  same 
fibre  from  the  Cossipur  Institution,  Calcutta,  differed  somewhat  from 
each  other  in  colour  (white) ;  one  was  decidedly  bast-like,  the  other  two 
towy  in  character,  the  fibres  were  24 "  to  43"  long  and  only  partly  pre- 
pared. Estimated  market  value  £12-£13  per  ton.  A  sample  of  very 
similar  character  and  value  was  received  from  the  Bolihar  Rajshahi 
District,  Bengal.  Four  samples,  from  the  Agricultural  and  Horticul- 
tural Society,  valued  at  from  £12  to  £16  per  ton,  were  only  partly 
prepared,  varied  somewhat  in  brightness  of  colour  and  fineness,  were 
somewhat  towy  in  character  and  of  medium  strength. 

(c)  A  specimen  of  Sida  cord  (folia  fibre,  from  Lahore,  only  partly 
prepared,  was  dull  and  mixed  in  colour,  fine  and  of  somewhat  flaxen 
character  and  of  medium  strength.  This  fibre  was  pronounced  to  be 
of  promising  nature,  and  valued  at  from  £15  to  £18  per  ton. 

The  following  are  the  results  obtained  by  the  chemical  examina- 
tion, in  the  Scientific  Department,  of  a  series  of  samples  of  Sida  fibre, 
included  in  the  Indian  collections,  and  referred  to  in  the  appendix  of 
"  Handbook  Xo.  IV.,  Imperial  Institute  Series  (Indian  Section)."  The 
results  of  an  examination  of  a  sample  of  jute,  from  Queensland,  are 
given  for  comparison  : — 
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1  -5-3 

QUEENSLAND  JUTE  (for 

comparison) 

10-3     1-2 
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15-0 

18-0 

16-0 

25-0     1-0 

1-5-3 

All  these  samples  of  Sida  fibre  are  shown,  by  the  above  results,  to  be 
superior  to  a  specimen  of  Queensland  jute  examined  by  Messrs.  Cross 
and  Bevan ;  but  not  one  of  them  is  quite  so  good  as  that  on  which  a 
report  has  been  already  published.1  The  presence,  in  every  case,  of 
a  small  percentage  (10  to  20  per  cent.)  of  much  longer  fibres  (5  to 
8  mm.)  is  very  significant. 

Preparation  of  Jute, 

INTRODUCTORY. — In  order  to  make  clear  the  reasons  for  the  investiga- 
tions here  recorded  and  the  objects  in  view,  a  few  preliminary  remarks 
on  the  nature  of  the  material  under  examination  may  be  advisable. 

The  substance  cellulose,  of  Avhich  ordinary  cotton  is  an  almost  pure 
form,  is  characterised  by  extraordinary  chemical  stability  and  is  not 
susceptible  of  attack  by  other  than  powerful  chemical  agents.  Cotton 
is  thus  able  to  withstand  remarkably  well  changes  in  temperature, 
exposure  to  the  action  of  moisture,  commercial  preparative  processes 
to  which  it  is  subjected,  and  other  influences  tending  to  promote 
chemical  change;  in  other  words,  it  does  not  readily  rot. 
1  Report  on  Natural  Products  in  Colonial  and  Indian  Exhibition,  1886  (p.  372). 
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'The  bast  fibres  of  the  two  species  of  Corchortts  which  constitute  the 
jute  of  commerce  consist,  not  of  pure  cellulose,  but  of  an  allied  substance 
known  as  ligno-cellulose.  This  is  a  compound  much  more  susceptible 
of  chemical  change  than  cellulose,  and  therefore  readily  acted  on  by 
comparatively  feeble  chemical  agents. 

The  most  generally  accepted  view  of  the  difference  between  the  twu 
materials  is,  that  liguo-cellulose  results  from  the  overlaying  of  normal  cel- 
lulose by  non-cellulose  matters,  comprehended  under  the  term  "lignoue." 
Experience  shows  that  pure  cellulose  fibres  are  characterised  by 
superior  "  strength  '' ;  that  is,  they  stand  spinning  and  other  industrial 
operations  well,  whereas  any  addition  of  non-cellulose  substances  is 
attended  by  weakening. 

There  is  another  theory  in  the  field  by  which  "  lignification "  is 
explained  ;  according  to  it  ligno-cellulose  is  not  encrusted  cellulose  but 
a  distinct  compound  ;  and  the  first  object  of  the  present  enquiry  was  to 
ascertain  whether  evidence  favourable  to  this  view  could  be  obtained. 

Jute,  being  a  chemically  sensitive  substance,  requires  to  be  dealt  with 
much  more  carefully  than  does  cotton,  to  prevent  undesirable  changes 
being  established.  The  incipient  fermentation  dealt  with,  which  is  set 
up  by  the  treatment  of  "  retting,"  and  is  very  liable  to  be  renewed 
during  packing  and  shipment,  may  be  cited  in  evidence.  There  is, 
indeed,  good  reason  to  believe  that  very  little  jute  arrives  in  England 
in  as  good  a  condition  as  when  shipped.  If,  however,  by  a  simple 
preliminary  treatment,  the  hydrolysable  constituents,  upon  which  the 
sensitiveness  of  the  material  largely  depends,  could  be  removed,  the  risk 
of  further  damage  would  be  greatly  lessened. 

The  need  for  a  thorough  investigation  of  this  subject  with  the  object 
of  improving  the  methods  of  preparation  of  jute  for  shipment  is  shown 
by  the  great  variations  in  quality  of  the  jute  imported  into  this  country, 
which  according  to  its  condition  may  sell  at  prices  varying  from  'W. 
to  2s.  Q(l.  per  Ib.  The  following  analyses  of  samples  of  jute  exhibited  in 
the  Indian  Section  of  the  Imperial  Institute  also  serve  to  illustrate  this 
want  of  uniformity  in  the  fibre  as  imported  into  Europe. 
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In  the  summer  of  1894  a  special  series  of  samples  of  jute  fibre  was 
prepared  in  India  for  submission  to  comparative  examination  in  the 
Scientific  Department.  In  accordance  with  a  scheme  furnished  by  Mr. 
C.  F.  Cross,  a  member  of  the  Committee  of  Advice,  the  specimens  were 
to  be  taken  at  different  specified  periods  in  the  growth  of  the  plant, 
with  the  view  of  discovering  whether  any  distinct  changes  occurred, 
during  its  life-history,  of  a  character  to  affect  the  value  of  the  fibre. 
Other  samples  were  to  be  cut  at  the  usual  harvest  time,  viz.  when 
the  plant  is  in  fruit,  and  these  were  to  be  steeped  in  dilute  solu- 
tions of  certain  chemical  agents.  Early  steps  were  taken  in  India  for 
the  collection  and  preparation  of  the  samples,  which  arrived  in  London 
last  May.  These  being  of  a  unique  character,  special  invitations  to 
inspect  them  were  issued  to  the  Dundee  Chamber  of  Commerce  and 
others  interested  in  the  subject.  Mr.  Collyer  also  examined  them,  and 
his  remarks  will  be  found  hereafter. 

The  samples  were  collected  at  Rahuta,  a  village  twenty  miles  north 
of  Calcutta,  and  were  arranged  in  the  form  of  three  experiments,  as 
follows  : — 

Experiment  I, — To  ascertain  the  quality  of  the  fibre  extracted  from 
plants  at  different  stages  of  growth.  (Five  samples 
received.) 

Experiment  II. — To  ascertain  the  result  of  treating  jute  with 
sodium  carbonate  and  sulphite.  (Two  Divisions.) 

Owing  to  a  misinterpretation  of  the  directions  sent  to 
India,  sodium  sulphate  was  employed  instead  of  the 
sulphite ;  but  steps  have  since  been  taken  in  India  to 
treat  samples  of  jute  of  this  season's  growth  with  sodium 
sulphite. 

Experiment  III. — To  ascertain  the  result  of  treating  jute  with 
alkaline  ashes.  (Three  Divisions.) 

PREPARATION  OF  SAMPLES,  Experiment  I. — For  each  of  the  five 
samples,  400  Ib.  of  stalks  were  cut  and  stacked  to  allow  of  fermenta- 
tion, and  for  the  leaves  to  fall  off.  They  were  then  steeped  for  from 
14  to  22  days  in  water,  afterwards  washed  and  the  fibre  extracted. 
The  yield  thus  obtained  averaged  24-26  Ib.  The  expert's  report  showed 
that  none  of  these  fibres  were  of  first-class  quality,  and  he  judged  that 
they  were  obtained  from  two  different  crops.  The  samples  were 
chemically  examined  in  the  Scientific  Department  with  the  following 
results : — 
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Experiment  I. 

per 
cent. 

per 
cent. 

per 
cent 

per 
cent. 

per 

ceT.t 

per 
cent. 

per 
cent. 

per 
rent. 

1.  Cut  before  flowering 
2.  Cut  after  budding 
3.  Cut  in  flower 

11-55       1-1          6-2 
8-74      1-1         8-5 
l'J-7         1-4         9-7 

10-5       0-8         74  -0 
11-9       0-47      715-2 
116       069      741 

10-2 
10-7 

12-U 

37-2 
32-1 
32-2 

4.  Cut  when  in  pod    . 

10-0        1-1         8-9       12-0      2-4        74-8 

8-1 

33-2 

5.  Fully  matured 

9-72      0-9        7-3       11-2       1-4        76'4 

11-0      36-6 

Description  of  Samples. 

Experiment  I. 

1.  Cut  before  flowering . 
A  fine  soft  and  silkv  fibre 


after  budding. 
Quality  inferior  to  above 


3.  Cut  when  in  jlou:>:r. 
Quality  still  coarser  .... 

4.  (,'ut  u'h'.n  in  pod. 

Quality  like  above    .... 

This  is  the  usual  time  for 
cutting  the  plants  in  this 
part  of  the  country. 

5.  Cut  ichen  the  plants  ictrefuUy 

matured. 

Inferior  quality        .... 
Such  plants  are  reserved  for 

seed  only. 


Referee's  Remarks. 


Bright,  yellowish,  clear ;  mostly 
good  strength ;  best  of  its 
class. 

Bright,  silky,  soft,  flaxy  coloured ; 
mostly  strong,  fairly  clear ; 
best  of  the  other  class. 

Dull  grey,  specky,  mostly  tender, 
mixed. 

Dull  grey,  of  mixed  strength, 
rather  specky. 


Bright,  clear,  of  medium  strength, 
rather  specky. 


The  results  of  the  chemical  examination  show  no  very  important 
variation,  and  demonstrate  that  there  is  no  sudden  change  in  the 
nature  of  the  bast  fibre  at  critical  stages  in  its  life-history.  This 
gives  considerable  support  to  the  claims,  recently  put  forward,  in  favour 
of  what  may  be  called  a  sui  generis  theory  of  lignification,  as  opposed 
to  the  incrustation  theory. 
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There  is,  however,  a  change  which,  although  small,  appears  significant, 
because  it  is  all  in  one  direction.  If  the  comparison  of  the  fibres  were 
based  solely  on  the  results  of  the  chemical  analysis,  one  would  be  led 
to  infer  that,  starting  from  No.  1,  a  deterioration  of  the  fibre  occurs  up 
to  the  flowering  period,  and  that  it  slowly  recovers  when  that  period  is 
passed.  This  inference  receives  decided  support  from  Mr.  Collyer's 
remarks  on  the  quality  of  the  several  samples  ;  and  the  useful  character 
of  the  system  of  chemical  examination  adopted  appears  to  be  well 
supported  by  his  report.  In  passing,  one  may  with  advantage  note 
that  the  practical  opinions  on  the  quality  of  the  fibre,  given  by  distinct 
experts,  before  and  after  shipment,  are  fairly  parallel ;  the  difference  in 
quality  between  Samples  1  and  5  does  not  appear  to  be  quite  so  evident 
to  the  expert  in  England  as  to  the  collector  in  India,  because,  probably, 
the  finest  samples  suffer  most  in  transit.  Again,  the  divergence  of 
opinion  respecting  No.  5  rather  suggests  that  the  expert  in  England  is 
accustomed  to  have  an  altogether  lower  average  of  quality  of  fibre 
submitted  to  him  than  the  expert  in  India  is  accustomed  to  deliver. 

Since,  then,  it  may  be  taken  as  proved  that  no  considerable  change 
in  the  bast  fibre  occurs  under  normal  conditions  at  any  period  of  the 
plant's  history,  it  remains  to  be  ascertained  whether  any  decided 
changes  can  be  induced  artificially  by  modifying  the  vegetative  habit  of 
the  plant.  It  seems  that  the  crop  is  considered,  generally  over  India, 
to  be  in  season  when  the  flowers  appear,  and  to  be  past  season  when  in 
fruit,  and  that  the  fibre,  while  it  has  more  gloss,  is  of  inferior  strength 
before  flowering.  The  later  it  is  cut,  however,  after  that  period,  the 
coarser  is  the  fibre.  From  the  statement  made  by  the  collector  of 
these  specimens  (vide  ante),  that  the  usual  time  for  cutting  the  plants 
in  this  part  of  the  country  "  is  when  in  pod,"  it  is  evident  that  the 
harvesting,  which  is  somewhat  late  in  Kahuta,  is  also  late  in  reference 
to  the  quality  of  the  product.  In  connection  with  this  fact,  it  will  be 
noted  that  the  expert  classed  the  earliest  specimens  as  distinctly 
superior  both  in  appearance  and  strength  to  the  samples  gathered  at 
the  customary  period. 

These  considerations  point  to  the  desirability  of  trying  one  further 
experiment,  viz.  : — to  determine  the  possible  effect  of  a  suppression,  as 
far  as  practicable,  of  the  flowering  period,  upon  the  quality  of  the 
fibre.  This  might  be  done  by  selecting  plants  in  various  parts  of  a 
crop,  giving  them  some  distinctive  marking,  and  systematically  nipping 
off,  as  far  as  they  are  accessible,  the  flower  buds  as  they  appear ;  the 
fibre  from  plants  thus  treated  to  be  compared  with  that  of  the  rest  of 
the  crop.  It  is  probable  that  the  fibre  would  be  considerably  improved 
in  strength,  owing  to  the  assimilation  by  it  of  much  of  the  nutriment 
absorbed  by  the  flower  buds  under  normal  conditions  ;  it  may  also  be 
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that  the  fibre  of  plants  thus  treated  will  sustain  in  a  minor  degree  that 
degeneration  in  quality  which  appears  to  mark  the  later  stages  in  the 
normal  life  of  the  plant. 

It  will  be  understood  that  the  primary  object  of  suggesting  an  experi- 
ment of  this  nature  is  to  trace  the  chemical  history  of  the  fibre,  and 
the  circumstances  which  influence  its  quality,  in  connection  with  the 
life-history  of  the  plant.  The  thorough  determination  of  these,  by 
sufficient  confirmatory  repetitions  of  experiments,  can  scarcely  fail  to 
lead  to  modifications  in  cultivation,  having  a  substantial  commercial 
bearing  upon  the  jute  industry. 

The  great  importance  of  gathering  seed  only  from  the  best-grown 
and  strongest  plants  need,  perhaps,  scarcely  be  insisted  on.  Although 
it  may  be  quite  impossible  to  enforce  this  procedure  generally,  there 
would  probably  not  be  the  same  difficulty  in  securing  it  at  Rahuta,  at 
all  events  on  an  experimental  scale. 

PREPARATION  OF  SAMPLES,  Experiment  II. — These  samples  were 
collected  from  one  field  at  about  the  usual  time  for  harvesting,  i.  e.  when 
the  plant  is  in  the  pod  stage.  Quantities  of  about  40  Ib.  of  the  freshly- 
stripped  wet  fibre  were  steeped  in  the  solutions,  afterwards  washed  in 
water,  and  dried.  The  average  amount  of  dry  jute  so  obtained  was  14 
to  15  Ib. 

The  following  are  short  details  of  the  samples  : 

Xo.  5226.  40  Ib.  of  wet  jute  fibre,  simply  washed  in  water  and  dried, 

for  purposes  of  comparison. 

Xo.  5227.  40  Ib.  of  fibre  were  put  into  a  2  per  cent,  solution 
of  sodium  carbonate,  which  was  then  gradually  raised 
to  the  boiling  point,  and  afterwards  allowed  to  cool, 
when  the  fibre  was  wrung  out  and  dried.  The  fibre 
assumed  a  red  colour. 

Xo.  6693.  40  Ib.  of  jute  unsteeped,  for  comparison  with  the  follow- 
ing :— 

No.  6690.  40  Ib.  were  steeped  for  ten  minutes  in  a  cold  2  per  cent, 
solution  of  sodium  sulphite,  then  removed,  washed,  and 
dried. 

Xu.  6689.  40  Ib.  were  steeped  for  30  minutes  in  a  cold  2  per  cent, 
solution  of  sodium  sulphite,  then  washed  and  dried. 

Experiment  III. 

No.  5232.  40  Ib.  were  placed  in  50  Ib.  of  water  containing  3£  Ib.  of 
plantain  ash,  which  was  then  raised  to  boiling  point ; 
when  it  had  cooled  the  fibre  was  removed,  washed, 
and  dried. 
I-  F 
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Experiment  III.  (cont.} — 

No.  5234.  40  Ib.  were  steeped  in  solution  of  tamarind  ash  (of  the 
same  strength  as  above),  and  treated  in  the  same  way 
as  the  previous  sample. 

No.  5236.  40  Ib.  were  steeped  in  a  solution  of  Babul  ash  (the  strength 
of  solution  and  the  treatment  being  as  in  the  preceding 
samples). 

The  following  is  a  table  of  the  results  of  examination,  with  the 
remarks  of  an  expert,  who  has  inspected  some  of  the  samples. 
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Remarks. 
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Experiment  II. 

per 
cent. 

per 
cent. 

per 

cent 

per 
cent. 

per 
cent. 

per 
cent. 

per 
cent. 

per 

cent. 

5226.  Unsteeped  jute 

9-5 

1-4 

97 

11-6 

— 

— 

41-7 

77-5 

A  tender  sample. 

5227.  Steeped  in  sodium 

Mixed  strength, 

carbonate 

10-2 

2-5 

9-7 

14-6 

— 

— 

44-8 

77-5 

dark  colour. 

6693.  Unsteeped  jute     . 

11-1 

1-0 

8-5 

8-7 

8-8 

0-9 

45-0 

78-2 

6690.  Steeped     for     ten 

minutes   in    so- 

dium sulphite  . 

11-0 

1-7 

7-9 

12-8 

11-0 

1-1 

40-0 

75-4 

6689.  Steeped  for  thirty 

minutes   in    so- 

dium sulphite  . 

9-3 

1-8 

8-0 

11-3 

11-8 

2-7 

43-0 

77-1 

Experiment  III. 

5232.  Treated  with  plan- 

tain ash    . 

9-3 

1-6 

8-8 

11-8 

— 

— 

40-0 

79-0 

Light  brown, 

rather  specky, 

m  e  d  i  u  m 

5234.  Treated    with    ta- 

strength. 

marind  ash 

11-8 

1-6 

7-0 

9-9 

— 

— 

40-0 

78-7 

Good  strength. 

5236.  Treated  with   Ba- 

Specky,    fair 

bul  ash 

10-8 

0-86 

6-0 

9-6 

— 

46-2 

78-7 

strength. 

The  sample  of  jute  used  in  the  experiments  with  sodium  sulphite 
was  of  high  quality,  as  shown  by  the  results  obtained  with  the 
untreated  sample  (No.  6693).  The  hydrolysis  and  mercerising  figures 
are  remarkably  low  and  constant ;  the  nitration  number  is  good,  and 
the  percentage  of  cellulose  is  well  above  the  average.  Judged  solely 
by  chemical  results,  this  is  the  best  sample  of  jute  that  has  so  far  been 
examined.  The  colour  of  the  fibre  was  perhaps  rather  dark,  but  the 
gloss  was  good,  and  its  tensile  strength  (tested  roughly  by  hand  on 
a  few  strands)  exceptional.  It  was  thought  possible  that  the  effect  of 
the  sulphite-treatment  would  be  to  remove  the  more  easily  hydrolysable 
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constituents  of  the  fibre,  and  thereby  to  reduce  the  risk  of  fermenta- 
tion arising  in  the  packed  fibre.  The  results  of  examination  of  the 
treated  samples  tend  to  establish  the  contrary,  as,  judging  from  the 
numbers  furnished  by  6690  and  6689,  which  show  that  though  the  whole 
percentage  loss  under  mild  hydrolytic  agents  is  somewhat  diminished, 
as  might  be  expected,  the  material  had  been  rendered  more  sensitive 
to  stronger  reagents,  and,  therefore,  that  it  had  certainly  not  become 
less  prone  to  change.  A  certain  amount  of  colour  had  been  developed 
in  the  fibre,  and  it  was  distinctly  more  tender.  This  result  may 
perhaps  be  explained  by  some  recent  experiments  of  Messrs.  Cross  and 
Bevan  on  cereal  straws.  They  find  that  the  proportion  of  permanent 
tissue  or  cellulose  in  the  straws  distinctly  increases  after  harvesting, 
by  merely  keeping  the  fibre ;  that  is,  a  hardening  or  oxidising  action 
ensues.  The  treatment  with  the  deoxidising  salt  appears  to  have  the 
effect  of  preventing  this  oxidising  action  setting  in,  and  is,  therefore, 
not  to  be  recommended. 

The  results  of  the  examination  of  the  sample  treated  with  sodium 
carbonate  cannot  be  said  to  afford  any  evidence  in  favour  of  such 
treatment.  The  high  percentage  of  ash  in  No.  5227  is  easily 
accounted  for  by  insufficient  washing  of  the  sample  after  removal  from 
the  saline  solution.  The  difference  between  the  («)  and  (b)  hydrolysis 
numbers  shows  some  increase  upon  the  difference  in  the  untreated 
sample  (5226),  but  comparison  is  rendered  difficult  by  the  fact  that 
this  latter  appears  to  have  suffered  in  some  special  way,  judging  from 
the  unfavourable  opinion  of  the  experts. 

The  results  of  Experiment  III.  are  rendered  almost  valueless  by  the 
fact  that  there  was  no  special  sample  of  the  untreated  fibre  kept  for 
comparison.  The  collector  of  the  samples  may  have  intended  No.  5226 
to  serve  this  purpose,  but  the  intention  is  not  obvious  in  his  notes,  and, 
as  before  stated,  No.  5226  has  to  be  regarded  with  suspicion.  Previous 
analyses  of  Indian  jutes  show  that  the  average  difference  between  the 
(a)  and  (6)  hydrolysis  numbers  is  about  4.  This  difference  is  slightly 
lowered  in  samples  5232-5236  (treated  with  the  alkaline  ashes),  but  no 
very  clear  deductions  present  themselves  from  the  analyses. 

In  view  of  the  great  difficulty  of  introducing  any  alterations  of  the 
usual  method  for  preparing  jute  fibre,  and  of  the  doubtful  evidence 
afforded  by  these  experiments  that  any  beneficial  results  accrue  from 
the  particular  methods  of  treatment  tried,  it  cannot  be  urged  that  any 
more  extensive  trials  in  the  direction  indicated  in  these  experiments 
should  be  made ;  the  logical  conclusion  is,  that  attempts  at  special 
treatment  of  the  fibre  in  India,  before  supply  to  the  jute  mills,  or 
before  shipment,  are  not  to  be  advocated.  The  most  hopeful  directions 
for  further  experimental  enquiry  are  those  (1)  of  improving  the  stock 
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by  selection,  and  (2)  of  determining  the  most  suitable  time  for 
reaping,  the  object  being  to  secure  that  the  fibre  is  cut  at  the  best 
time. 

September,  1895— April,  1896. 

Hibiscus  Abelmoschus,  Malachra  capitata  and  Abroma 
augusta, 

The  following  fibres  from  the  Indian  collection  of  the  Imperial 
Institute  have  been  made  the  subject  of  chemical  examination.  Their 
selection  must  not  be  taken  as  evidence  that  their  merits  have 
hitherto  passed  unnoticed.  Attention  is  now  called  to  these  fibres 
because  it  is  only  by  efforts  concentrated  upon  a  few  out  of  many 
existing  valuable  materials  and  by  the  continuous  accumulation  of 
evidence  in  their  favour,  that  the  natural  conservatism  of  both  growers 
and  manufacturers  can  be  overcome  and  a  fair  opportunity  given  for 
the  utilisation  of  these  valuable  natural  products  : — 
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cent. 

per 

cent. 

per 
cent. 

per 
cent. 

per 

cent. 

per 
cent. 

per 
cent. 

m.m. 

Hibiscus  Abelmoschus   (13 

days'  steeping  when  in 
seed)      .... 

11-0 

2-0 

11-3 

13-4 

16-7 

12 

39-4 

77-7 

2-5-3-0 

Hibiscus   Abelmoschus   (10 

days'  steeping  when  in 

flower)  .... 

9-7 

1-4 

10-4 

17-0 

19-9 

l-o 

39-8 

78-7 

3-0-4-5 

Malachra  capitata 

12-5 

1-0 

12-3 

17-8 

13-7 

2-6 

35-0 

74-2 

4-0-6-0 

STERCULIACE-E. 

Abroma  augusta,  from  new 
plant     .... 

11-8 

0-6 

7-7 

13-9 

8-3 

0-7 

37-2 

78-0 

3-0 

Abroma  augusta,  from  old 

plant     .... 

9-4 

0-6 

11-4 

16-6 

13-7 

2-4 

42  -2 

75-5 

4-0-6-4 

Abroma  augusla,  by   Mr. 

Cross  (Report  on  Indian 
fibres,  p.  9)  . 

10-6 

0-4 

5-2 

10-9 

19'2 

5-1 

32-0 

80-0 

— 

The  above  are  all  of  a  high  character,  the  colour  being  in  each  case 
good,  and  the  fibres  free  from  reticulation  and  long  in  staple. 

Hibiscus  Abelmoschus. — Length  of  staple  3  to  5  ft.  The  analytical 
figures  for  the  two  samples  agree  on  the  whole  closely,  but  there  is  a 
difference  of  4  per  cent,  between  the  corresponding  (b)  hydrolysis 
numbers.  The  sample  taken  "  when  in  seed  "  appears  to  have  undergone 
a  slight  amount  of  fermentation  (shown  by  a  faintly  sour  odour  and  by 
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the  poor  condition  of  the  fibre  when  examined  under  the  microscope), 
and  this  would  certainly  tend  to  increase  the  hydrolysis  numbers.  It 
is  probable,  therefore,  that  these  are  somewhat  too  high  in  the  first 
sample,  and  that,  consequently,  the  difference  between  the  two  is 
slightly  greater  than  appears  to  be  the  case.  The  natural  conclusion 
is  that  this  fibre,  at  the  flowering  season,  is  distinctly  more  susceptible 
to  the  attack  of  hydrolytic  agents  than  it  is  later,  during  seed-time. 
The  figures  obtained  give  the  fibre  in  question  a  high  place  amongst 
fibres  of  the  jute  type. 

Mal.achra  capitata.  ^Length  of  staple  6  ft.  This  analysis  entirely 
supports  the  high  opinion  formed  of  the  fibre  obtained  from  this  plant. 
The  cultivation  of  jute,  although  quite  successful  in  Bengal,  is  more  or 
less  a  failure  in  Bombay,  and  it  was  hoped  that  this  fibre  would  supply 
the  place  of  jute  in  that  province.  Unfortunately  it  has  not  made  the 
headway  expected  of  it,  and  Bombay  is  still  dependent  on  Bengal  for 
the  sacking  which  is  used  in  its  grain  trade.  Commercial  experts  (  r*'7»; 
"NVatt's  Dictionary)  have  decided  that  the  fibre  of  Malachra  capiiata  is 
little,  if  at  all,  inferior  to  jute.  Chemical  and  microscopical  examina- 
tion now  show  that  it  is  superior  to  average  samples  of  the  latter  fibre. 

Abroma  augusta.  —  Length  of  staple  4  to  8  ft.  This  member  of  the 
natural  order  Sterculiaeece  was  examined  by  Mr.  Cross  at  the  time  of  the 
Colonial  and  Indian  Exhibition.  The  results  he  obtained  were  excellent, 
if  too  much  importance  is  not  attached  to  the  mercerising  figure,  which, 
from  the  experience  now  gained,  seems  abnormal.  The  two  analyses  now 
given,  whilst  they  support  the  high  character  of  the  fibre,  indicate  at 
the  same  time  the  following  distribution  of  advantages  between  new 
and  old  plants  :  — 

The  fibre  obtained  from  new  plants  has  a  larger  percentage  of  cellu- 
lose, and  is  less  readily  attacked  by  hydrolytic  agents,  but  microscopic- 
ally the  ultimate  fibres  are  somewhat  thin  and  ill-formed. 

In  the  older  plants  these  fibrils  improve  both  in  length  and  substance, 
but  the  percentage  of  available  cellulose  drops  slightly,  the  fibre  as  a 
whole  becomes  harsher  and   coarser,  and   also  suffers  greater  loss  in 
weight  from  hydrolytic  action. 
1896. 


Hibiscus  cannabinus,  Urena  lobata,  and  Crotalaria  juncea 
(Sunn  Hemp). 

The  fibres  here  reported  on  were  specially  mentioned  in  the  recent 
series  of  Lectures  on  Fibres,  delivered  at  the  Society  of  Arts  by  Dr. 
Daniel  Morris,  C.M.G.,  of  the  Royal  Gardens,  Kew.  The  Burmese 
specimen  of  Crotalaria  juncea  was  quite  recently  sent  to  the  Imperial 
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Institute  by  the  Government  of  India  for  chemical  examination  and 
commercial  valuation. 
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Hibiscus       canntibinus 

(Saharanpur)    . 

10-8 

i-o 

12-2 

191 

18-3 

2-7" 

40-0 

74-9 

3-0-4-0 

Urcna     lobata     (Man- 

bhoom)     . 

9-9 

2-4 

12-2    16-3 

15-7 

3-0 

25-8 

73-5 

2-2-5-0 

LEGUMINOS.K. 

Crotalaria            jii.ni-i'a 

(Burma)  . 

9-8 

3-1 

9-2    15-8 

8-8 

3-7    85-0   ;--) 

5-0-8-0 

Crotalaria  juncca  (Cal- 
cutta) 

9-4 

0-6 

10-5 

14-0 

9-1 

1-6 

:  T90-6) 

\91-0/ 

5-0-5-5 

Hibiscus  cannabittus. — Length  of  staple  3i  ft.  This  fibre  has  been 
proposed  as  a  substitute  for  jute  in  such  parts  of  India  as  are  not  suitable 
for  the  cultivation  of  the  latter.  The  results  of  the  analysis  indicate  that 
it  is  a  fibre  superior  to  average  jute,  and  better  than  the  sample  shown 
in  the  Colonial  and  Indian  Exhibition  of  1886,  which  was  examined 
by  Messrs.  Cross  and  Bevan.  The  measurements  of  the  fibre-length 
obtained  by  these  workers  do  not  agree  with  the  results  given  in 
Spon's  Encyclopaedia  (Art.,  Fibres).  Extra  care  has,  therefore,  been 
taken  with  the  present  measurements,  and  they  are  found  to  agree 
with  Messrs.  Cross  and  JBevan's  results.  This  does  not,  however, 
necessarily  prove  that  the  authority  quoted  by  Spon  is  unreliable. 
The  nitration  number  is  particularly  good. 

Urena  lobata. — This  fibre  is  distinctly  of  the  jute  type,  and  very 
similar  in  its  qualities.  Messrs.  Cross  and  Bevan  have  published  a  partial 
analysis  of  it,  in  which  the  percentage  of  cellulose  is  rather  higher  (77) 
than  that  above  given,  but  the  length  of  ultimate  fibre  is  distinctly  less 
(1-5-2  m.m.).  The  staple  is  short  (about  2  ft.). 

Crotalaria  juncea  or  Sunn  Hemp. — Length  of  staple  3  ft.  The 
literature  on  this  fibre  is  extensive,  betokening  much  interest  in  its 
qualities,  but  up  to  the  present  the  material  has  been  exported  only  to 
a  small  extent.  The  samples  examined  were  rather  rough  and  dirty  in 
appearance,  but  a  little  careful  hackling  much  improved  them.  The 
specimens  then  resembled  badly-drawn  silk-worm  gut,  with  the  same 
bright  gloss,  but  of  a  pale  straw-colour.  Apparently  no  complete 
examination  of  it  has  been  previously  published.  The  ash  number  is 
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rather  high  in  one  instance,  but  all  the  other  results  are  particularly 
good  and  indicate  a  high  quality  of  fibre.  The  two  samples  come 
from  widely  distant  districts,  but  do  not  .differ  much  in  the  results  they 
give  on  chemical  examination. 

The  nitrated  product  appears  to  be  specially  sensitive  to  tempera- 
ture. The  products  of  the  first  three  determinations  exploded  at  a 
temperature  which  has  been  safely  used  for  drying  all  the  nitro- 
celluloses  yielded  by  fibres  previously  examined.  The  microscopic 
character  of  the  ultimate  fibres  is  peculiar.  They  are  rather  long,  end 
abruptly  instead  of  tapering,  and  the  walls  are  rough  and  irregular  in 
outline.  The  length  seems  to  vary  considerably.  Mr.  King  records  it 
as  3  to  5  m.m.,  but  Spon's  Encyclopedia  gives  a  number  which  is 
roughly  double  this.  The  present  measurement  takes  an  intermediate 
position. 

Practical  experts  have  pronounced  the  Burma  sample  to  represent 
an  article  readily  salable  in  the  London  market,  and  worth  at  the 
present  time  from  £15  to  £16  per  ton. 

February,  1896. 

Agave  rigida  (Sisal  Hemp), 

A  small  sample  of  Sisal  fibre,  Agave  rigida,  var.  sisaluna,  Mill., 
grown  and  prepared  in  India,  was  received  for  examination  in  March 
1896. 

The  reports  of  the  Expert  Referees  for  fibres  were  to  the  effect  that 
the  fibre  was  short,  though  otherwise  of  good  quality,  and  that  if  it 
could  be  produced  of  longer  staple  it  would  be  worth  about  £17  per 
ton,  the  actual  value  of  the  short-stapled  fibre  being  at  present  between 
£14  and  £15  per  ton. 

Chemical  examination  shows  that  the  fibre  is  but  little  inferior  to 
the  samples  of  Trinidad  and  Bahamas  Sisal  previously  examined 
(see  p.  100).  The  comparative  results  are  given  in  the  table  below. 


Trinidad               Bahamas 

Indian 

Sisal.                      Sisal. 

Sisal. 

Moisture,  per  cent.       .... 

11-6                  12'8 

11  2 

Ash,  per  cent.   •    . 

1-0                    4-4 

1-7 

Hydrolysis  («.)—  loss,  per  cent. 

11-7                  12-U 

13-4 

(ft) 

13-5                   lti-1 

17-2 

Nitration  —  gain,  per  cent.    . 

32-9                  29-7 

30-8 

Cellulose,  per  cent. 

77-2                  75-9     • 

78-8 

Acid  purification  —  loss,  per  cent. 
Mercerising  —  loss,  per  cent. 

1-0                    8-1 
8-9                  13-4 

i 
i 

1  The  quantity  of  fibre  sent  was  insufficient  to  admit  of  the  carrying  out  of 
these  two  processes. 
March,  1896. 
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Sansevieria  zeylanica, 

The  fibre  of  this  plant,  which  belongs  to  the  natural  order  Liliacese, 
is  of  a  beautiful  light  colour  and  fine  gloss.  The  staple  is  about  four 
feet  in  length,  of  smooth  well-formed  threads. 

The  sample  was  obtained  from  Angoorie,  in  Assam,  where  Dr.  Watt 
observed  that  it  was  being  grown  upon  waste  land  by  a  tea-planter. 
Dr.  Watt  states  that  the  plant  can  be  grown  without  cultivation ;  if 
fragments  of  the  leaves  are  scattered  over  the  soil,  each  fragment  takes 
root  rapidly,  and  a  good  crop  is  yielded  in  a  very  short  time. 

Chemical  examination  shows  this  fibre  to  be  of  high  quality.  Mr. 
Cross  examined  a  sample  of  "  Sansevieria,"  which  was  included  in  the 
collection  at  the  Indian  and  Colonial  Exhibition,  and  also  tested  its 
paper-making  qualities  ;  the  chemical  results  obtained  by  him  show 
that  the  specimen  he  examined  was  inferior  in  quality  to  the  present 
sample.  (Report  on  Indian  Fibres,  1886.) 

The  following  are  the  results  furnished  by  the  two  samples  : — 


Sansevieria  zeylanica. 

Assam. 

From  Colonial  and 
Indian  Exhibition. 

Moisture   . 

per  cent. 

9-4 

9-7 

Ash 

0-7                             — 

Loss  by  (a)  hydrolysis 

11-8 

12-0 

„       (&)     '      „ 

14-9 

16-o 

,  ,        mercerising 

11-6 

— 

,  ,        acid  purification 

1-4 

•2-,-) 

Cain  by  nitration 

33-5 

6-0 

Cellulose  . 

75-6 

64-6 

Length  of  ultimate  fibre  in  m.m.         .         .               To-S'o 

1-5-2-5 

With  the  exception  of  the  results  of  chemical  examination  obtained 
in  the  Scientific  Department,  there  are  very  few  analyses  available  for 
a  general  comparison  of  monocotyledonous  fibres.  Twenty-one  different 
species  have,  from  time  to  time,  been  examined  here  and  the  reports 
are  included  in  this  volume.  Many  of  the  fibres  referred  to  were 
obtained,  it  is  true,  from  plants  which  were  not  indigenous  to  the 
locality  they  were  grown  in.  Special  care,  however,  had  been  taken  in 
the  cultivation  and  treatment,  so  that  the  fibre  which  they  furnished 
was  probably  little  inferior  to  the  same  kind  of  fibre  derived  from  the 
wild  plants  grown  in  their  natural  habitat.  Accepting  the  results 
which  they  furnished  as  suitable  for  purposes  of  general  comparison, 
it  appears  that  the  cellulose  numbers  furnished  by  fibres  of  mono- 
cotyledonous origin  range  from  about  61  to  77,  the  average  number 
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being  about  70.  The  nitration  numbers  range  from  9  to  34,  with  an 
average  of  about  20. 

Sanserieriti,  which  furnishes  the  numbers  75  and  33  respectively, 
therefore  ranks  high  among  these  fibres.  Again,  the  (a)  and  (6) 
hydrolysis  numbers,  and  especially  the  difference  between  them,  are 
of  special  significance.  The  Victorian  monocotyledonous  fibres  may, 
indeed,  be  classified  from  this  point  of  view  (see  pp.  88-95). 
Thus,  the  approximate  (a)  and  (b)  hydrolysis  numbers  and  the  differ- 
ences are,  respectively,  for  the  Cordylines  : — 15,  19,  and  4  ;  for  the 
Agaves,  16,  21,  and  5  ;  for  the  Kniphofias,  17£,  23,  and  6. 

^'antevieria  gives  the  numbers  12,  15,  and  3.  These  would  indicate 
that  it  should  possess  special  powers  of  resistance  to  weathering  and 
the  accompanying  hydrolytic  effects.  The  general  results  of  the 
chemical  examination  of  this  fibre  may  be  considered  as  very  satis- 
factory. A  comparative  statement  of  the  results  furnished  by  the 
monocotyledonous  fibres,  showing  the  relation  of  Sansericria  thereto, 
is  appended  : — 


(«) 
Hydrolysis 
number. 

(6) 
Hydrolysis 
number. 

Difference. 

Cellulose    : 
number,     j 

Nitration 
number. 

Cordylines  .... 

15 

19 

4 

GS^r 

18 

Agaves         .... 

16 

21 

5               7oi 

19 

Kniphofias  .... 

171 

23 

6 

71 

29 

General  range 

10-18 

20-30 

10 

61-77 

9-34 

Sansevieria  zeylanica  . 

12 

15 

3 

75.  i 

33 

The  reports  of  experts  on  this  sample  of  Sansevieria  were  favourable, 
although  it  exhibited  some  trifling  defects  due,  probably,  to  the 
degree  of  maturity  of  the  plant  from  which  it  was  prepared.  A 
supply  of  several  tons  has  been  asked  for,  with  a  view  to  submit  it  to 
practical  trials. 

June,  1896. 

Ananas  sativus  (Pineapple). 

The  results  furnished  by  the  examination  of  the  specimen  first  received, 
by  the  comparative  method  followed  in  all  instances,  are  as  follows  :  — 

Moisture          ......  1  1  -33  per  cent. 

Ash  ......  0-9          „ 

Cellulose          ......  80-87        „ 

Loss  on  («)  hydrolysis       .          .          .          .  14-21         „ 


„       mercerising          . 
,,       acid  purification  . 
Gain  on  nitration 


17  -3  2 

1-52 

35-83 
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The  average  length  of  the  ultimate  fibre  was  2'6  m.m ,  but  on 
submission  of  the  second  sample  received  to  practical  tests,  the  yield  of 
"line  "  or  long  spinning  fibre  was  much  higher  in  proportion  than  that 
obtained  from  medium  European  flax ;  and  the  spinning  qualities  of 
the  long,  as  well  as  of  the  shorter  fibre,  are  reported  to  be  good.  The 
second  sample  received  was  too  small  to  yield  exact  practical  results, 
but,  so  far  as  can  be  judged  by  its  behavioui',  the  fibre  is  very  promis- 
ing in  character,  and,  Avhen  well  prepared,  yields  material,  more  nearly 
resembling  flax  than  hemp,  which  would  be  very  suitable  for  spinning 
into  fine  twine  and  for  textile  purposes,  if  it  be  properly  softened. 

It  is  considered  that  the  results  furnished  by  the  sample  under 
examination  are  sufficiently  good  to  warrant  the  recommendation  that 
a  sample  shipment  of  at  least  five  tons  be  made  to  England  for  trial 
purposes.  That  quantity  would  suffice  to  yield  exact  practical  results 
on  a  fair  working  scale,  as  to  its  application  by  spinners,  etc.,  to  various 
purposes.  The  fibre  would  have  to  be  submitted  to  a  preparing  process 
which  would  not  be  costly,  and  would  be  available  for  use  in  India  if 
it  be  considered  desirable  eventually  to  treat  it  on  the  spot,  after  its 
value  had  been  thoroughly  determined  here. 

At  the  present  time,  the  value  of  fairly  clean  fibre  in  the  London 
market  would  probably  be  from  £20  to  £25  per  ton.  A  specimen  of 
the  "  line  "  or  long  thin  fibre  furnished  by  the  sample  operated  upon 
is  forwarded  herewith. 

November,  1897. 

Ischaemum  angustifolium  (Sabai)  and  Tacca  pinnatifida 

(Tacca). 

Sabai  fibre. — A  small  sample  of  Sabai  or  Bhabar  fibre,  Ischtemum 
angustifolium,  Hack.,  has  been  sent  to  the  Imperial  Institute  by 
Professor  Marshall  Woodrow,  of  the  College  of  Science,  Poona,  for 
commercial  valuation,  with  the  information  that  this  fibre  could  be 
delivered  on  board  ship  at  Bombay  at  R40  per  ton,  and  that  samples 
weighing  about  100  Ib.  each  were  available  at  Poona  and  could  be 
obtained  through  the  usual  channels.  A  sample  of  this  fibre  has 
been  submitted  to  our  expert,  who  states  that  while  it  could  probably 
be  used  for  paper-making,  he  might  also  find  an  outlet  for  it  for  fancy 
purposes.  He  asks  to  be  supplied,  with  as  little  delay  as  possible, 
with  ten  pounds  of  the  butt- ends  cut  as  the  sample  which  is  enclosed. 
The  lengths  of  the  butts  should  be  at  least  twelve  inches,  nothing 
shorter  than  eight  inches  being  of  any  value,  and  they  should  be  as 
white  as  possible. 

Since  our  previous  work  on  the  subject  of  Indian  fibres  has  originated 
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with  the  Revenue  and  Agricultural  Department  <>f  the  Government  of 
India,  it  seems  desirable  that  this  opinion  should  be  conveyed  to  the 
Reporter  on  Economic  Products,  so  that  he  may  be  the  means  of  trans- 
mitting, as  rapidly  as  possible,  the  large  sample  which  is  asked  for  by 
the  expert. 

Ta-'-'o.  nbre. — Our  fibre  expert  has  applied  to  us  for  samples  of 
Tacca  fibre  produced  in  India,  or  for  any  fibre  similar  in  its  characters 
to  Tacca.  He  states  that  this  fibre  may  be  an  important  article,  and 
indeed  that  at  present  the  demand  is  in  excess  of  the  supply.  A 
sample  of  ribbon  submitted  by  him,  which  is  stated  to  be  prepared  by 
scraping  the  green  shoots  carefully  and  drying  them,  is  enclosed.  He 
asks  to  be  supplied  with  about  10  pounds  of  the  whole  length  fibre, 
or  grass,  including  the  green  portion  which  may  possibly  be  useful 
for  other  purposes,  and  also  with  10  pounds  of  butts  which  must  be 
as  white  as  possible.  In  sending  these  samples,  information  should  be 
given  as  to  the  price  of  the  butts  and  of  the  green  fibre  separately. 

It  is  hoped  that  the  Reporter  on  Economic  Products  will  take  steps 
to  supply  samples  of  both  these  fibres  with  as  little  delay  as  possible. 
ibcr,  1898. 

Phoenix  paludosa, 

With  reference  to  Dr.  Watt's  letter  (F.S.S.  863— S5A)  dated  April 
22,  1897,  requesting  that  the  further  attention  of  the  Scientific 
Department  may  be  drawn  to  the  subject  of  the  possible  utilisation  of 
the  stern  fibre  of  Ph<n>.lx  }»iltirl;,.«,i  which  had  been  examined  in 
October  1895  and  reported  to  be  of  small  commercial  value  (F.S.S. 
No.  58),  it  would  appear  that  the  only  directions  in  which  ail  improve- 
ment of  the  fibre  might  be  effected  are  in  ascertaining  the  exact  time 
of  year  at  which  the  crop  should  be  cut,  and  in  considering  whether 
the  method  of  treating  the  fibre  could  be  improved. 

A  sample  of  the  original  consignment  of  the  fibre  received  in*  1895 
has  been  again  submitted  to  our  fibre  expert,  asking  for  his  opinions 
on  these  points,  and  drawing  his  attention  to  the  possible  value  of  the 
leaves  of  this  plant  for  paper-making.  In  reply  he  states  that  having 
examined  the  fibre  he  finds  it  very  "  sere  "  and  brittle  and  not  salable 
in  this  country  in  its  present  condition.  Comparing  the  condition  of 
the  fibre  at  the  present  time  with  its  condition  two  years  ago,  it  would 
appear  that  considerable  deterioration  has  taken  place.  He  points  out 
that  with  very  rare  exceptions  stem  fibres  are  of  little  value,  though 
possibly  an  improved  fibre  might  be  obtained  if  the  plants  were  cat 
down  before  they  have  reached  maturity,  and  that  probably  a  still 
better  fibre  could  be  obtained  from  the  leaves.  With  regard  to  the 
utilisation  of  the  leaves  for  paper-making  he  remarks  that,  with  ample 
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supplies  of  wood-pulp  and  other  good  materials  at  very  low  prices,  the 
leaves  would  probably  have  only  a  local  value  for  paper-making  and 
would  not  bear  the  cost  of  transit  and  freight  to  Europe. 
June,  1897. 


Calotropis  gigantea  (Madar)  and  Villebrunea  integrifolia 
(Ban  Rhea). 

Calotropis  gigantea. — The  "  Madar  "  fibre  shown  in  the  Indian  and 
Colonial  Exhibition  of  1886  having  attracted  some  attention,  the  Sub- 
Committee  on  fibres,  acting  in  connection  with  the  Scientific  Department 
of  the  Imperial  Institute,  asked  for  a  supply  of  this  fibre  so  that  its 
chemical  composition  and  general  characters  might  be  ascertained.  In 
reply  to  this  request,  the  Department  was  informed  by  the  Reporter  on 
Economic  Products  to  the  Government  of  India  that  a  small  specimen 
of  the  bark  fibre  had  been  obtained  in  February  1898,  after  very  great 
difficulty,  and  it  was  stated  that,  owing  to  the  difficulty  of  obtaining 
any  quantity  of  the  fibre,  the  subject  was  unlikely  to  assume  any 
practical  importance.  The  only  chemical  examination  of  this  fibre  on 
record  is  that  by  Messrs.  Cross  and  Bevan,  in  their  report  on  the 
fibres  exhibited  in  1886,  the  results  of  which  are  given  below.  The 
present  sample  differs  in  some  respects  from  the  earlier  one;  in 
particular,  the  length  of  the  staple  is  greater,  averaging  12  inches. 
Chemical  examination  furnished  the  following  results,  which  may  be 
compared  with  those  of  Messrs.  Cross  and  Bevan : — 

Cross  and  Imperial 

Bevan.  Institute. 

Moisture,  per  cent 7-3  8-88 

Ash,  per  cent.    .....           2'5  3'25 

(a)  Hydrolysis,  loss  per  cent.       .          .          13'0  1O86 

(b)  Hydrolysis,  loss  per  cent.      .          .          17'6  13'82 
Mercerising,  loss  per  cent.           .         .           ...  11  '8 2 

Acid  purification,  loss  per  cent.           .           8'5  8-58 

Nitration,  gain  per  cent.    .         .         .         53-5  56'96 

Cellulose,  per  cent 76'5  84'25 

Length  of  ultimate  fibre     .          .          .    10 — SOm.m.  10 — 30m.m. 

A  comparison  of  these  figures  shows  that  on  the  whole  the  latter 
sample  is  the  better  of  the  two.  These  results  will  be  useful  as  a 
record  of  the  composition  of  this  fibre,  although  at  present  the  subject 
may  not  possess  any  commercial  interest. 

Villebrunea  integrifolia. — An  examination  of  "  Ban  Rhea "  fibre 
was  particularly  asked  for  by  Dr.  Watt  (F.S.S.,  dated  April  28,  1898). 
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Unfortunately  the  untreated  bark  fibre  was  sent  for  examination, 
consisting  of  the  bark  peeled  from  the  plant  and  containing  the  bark 
fibres  in  strips  from  3  to  5  feet  in  length.  The  only  course  to  adopt 
was  to  imitate  as  nearly  as  possible  the  retting  process  employed  on 
an  industrial  scale,  which  the  almost  complete  absence  of  gum  ren- 
dered possible.  Two  samples  of  fibre  were  received.  A  small  quantity 
of  each  was  placed  in  dishes,  covered  with  water  and  allowed  to  stand 
for  about  three  weeks,  after  which  time  one  of  the  samples  was 
sufficiently  soft  for  the  fibre  to  be  removed.  This  was  carefully 
combed  and  picked,  and  by  this  means  about  10  grams  of  a  nearly 
clean  brown  fibre  in  long  silky  threads  were  procured.  The  fibre 
thus  treated  was  then  submitted  to  the  usual  examination  with  the 
following  results  : — 

Ban  Rhea.  Bcehmeria 

nivea. 

Moisture,  per  cent 1O93  9'0 

Ash,  per  cent.  .....  3-52  2-9 

(«)  Hydrolysis,  loss  per  cent.      .         .  8'22  13'0 

(b)  Hydrolysis,  loss  per  cent.      .         .  15-82  24'0 

Mercerising,  loss  per  cent.           .         .  8-05  11*0 

.  Acid  purification,  loss  per  cent.           .  5 -09  6'5 

Nitration,  gain  per  cent.    .         .         .  56-88  25'0 

Cellulose,  per  cent 80'04  S0'3 

Length  of  ultimate  fibre    .         .         .  40m.m.  40 — 200m. m. 

and  upwards. 

It  is  interesting  to  compare  these  numbers  with  those  obtained  in 
the  examination  of  the  fibre  of  Bcehmeria  nivea  (commonly  known  as 
"  Rhea  "  or  "  China  grass  ")  made  by  Messrs.  Cross  and  Bevan.  Dr. 
Watt  has  pointed  out  that  these  two  fibres  are  certainly  distinct ;  the 
Ban  Rhea  may  be  the  more  important  of  the  two  owing  to  its  growing 
wild  on  waste  land,  to  its  containing  little  or  no  gurn,  and  also  because 
it  furnishes  a  silky  fibre  at  least  as  strong  as  China  grass,  with  which, 
indeed,  it,  and  not  Bcehmeria  nivea,  may  prove  to  be  identical.  A 
comparison  of  the  results  of  the  examination  of  these  two  fibres  clearly 
brings  out  the  superiority  of  the  Ban  Rhea,  especially  in  regard  to  its 
smaller  loss  by  hydrolysis  and  its  higher  nitration  number.  At  the 
same  time  it  must  be  remembered  that  the  process  adopted  in  treating 
this  fibre  in  the  Laboratory  only  very  roughly  approximates  to  that 
which  would  be  used  on  a  large  scale. 

Portions  of  the  original  samples  have  been  submitted  to  a  fibre 
expert,  who  reports  that  they  can  be  readily  treated  by  a  special  and 
simple  process  which  has  recently  been  devised.  Further  information 
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as  to  this  process  can  be  supplied  if  this  aspect  of  the  matter  is  thought 
to  be  of  importance. 

In  any  case  a  sample  of  the  properly  retted  and  prepared  fibre  should 
be  sent  for  chemical  examination. 

October,  1898. 

Floss  of  Calotropis  procera, 

The  floss  has  been  submitted  to  Mr.  C.  F.  Cross,  who  has  reported 
the  following  as  the  results  f urnished  by  its  examination.  The  more 
important  constants  of  the  fibre,  which  has  the  chemical  characteristics 
of  lignocellulose,  are  as  follows  : — 

Moisture      .         ...         .         .         .         .9-0  per  cent. 

Ash 3-0 

Hvdrolvsis       / Alkali  (1  per  cent.  NaL)0)     .     26-2        „        (loss). 
lAcid  (1  per  cent,  H,SO4)      .     24-7        „ 

Cellulose .     G9'8 

Furfural      .  .  .     19-5 

Mr.  Cross  states  that  this  floss  fibre  is  an  extremely  interesting 
chemical  type,  furnishing  as  it  does  a  very  high  and,  in  his  experience, 
unique  percentage  of  furfural.  He  adds,  however,  that  although  it 
may  find  use  for  some  applications  of  floss  fibre,  its  somewhat  un- 
favourable chemical  characteristics  are  not  likely  to  recommend  it  to 
the  spinner  in  view  of  the  present  low  price  of  cotton. 

A  sample  of  the  floss  has  also  been  submitted  to  our  expert  referee, 
who  reports  as  follows: — "This  particular  floss  was  in  considerable 
demand  in  the  markets  a  few  years  ago  for  fancy  textile  purposes, 
but  owing  to  the  difficulties  presented  by  the  variations  in  the 
quality  of  the  parcels  supplied  and  to  the  intermittent  supply  when 
requirements  arose,  the  material  has  dropped  out  of  use.  The  quality 
of  the  Indian  growth  is  inferior  to  the  product  of  Java,  which  is 
probably  derived  from  Calotropis  gigantea,  small  samples  of  which 
have  occasionally  been  received  from  India.  The  specimen  now  sub- 
mitted is  of  fair  colour  and  of  rather  short  staple  and  somewhat  towy 
in  character,  containing  an  excessive  quantity  of  inferior  immature 
fibre  and  seed  fragments." 

He  has  examined  many  varieties  of  the  floss  in  question,  mostly 
from  Calcutta  (where  it  is  sometimes  called  "akund  cotton"),  which 
were  mostly  inferior  to  the  sample  now  submitted  to  him.  These 
samples  were  sold  at  as  low  a  price  as  one  penny  per  pound,  and 
there  was  but  little  demand  for  them  at  that  price.  The  trade  in  this 
floss  may  possibly  be  revived,  if  a  moderate  but  continuous  supply  can 
be  guaranteed.  If  of  good  quality  it  would  realise  prices  ranging  from 
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4c/.  to  Of/,  per  pound,  c.  f.  and  i.  terms.  In  packing  for  sale,  the  floss 
should  be  handled  as  little  as  possible,  the  pods  and  seeds  being 
entirely  removed  and  the  floss  left  in  its  natural  condition  unopened ; 
any  discoloured  portions  should  be  separated  and  forwarded  separately. 
The  bales  received  here  from  Java  usually  contain  80  to  90  pounds  of 
floss  tightly  sewn  in  canvas,  but  not  pressed. 
September,  1897. 

Memorandum  on  the  supply  of  Crude  Cocoa-nut  Fibre. 

One  of  the  principal  members  of  an  American  Fibre  Company  has 
applied  to  the  Director  of  the  Scientific  and  Technical  Department 
of  the  Imperial  Institute  for  information  as  to  the  possibility  of 
obtaining  from  India  a  regular  supply  of  crude  cocoa-nut  fibre. 
At  present  the  Company  in  which  he  is  interested  obtains  nearly  the 
whole  of  its  supply  from  the  West  Indies,  but  they  are  anxious  to 
procure  further  quantities  from  India.  What  is  required  is  the 
"brush"  and  "mat"  fibre  mixed,  that  is,  beaten  out  together.  He 
has  inspected  the  sample  from  Madras  which  is  exhibited  in  the  Indian 
Section  here,  and  considers  it  to  be  quite  satisfactory.  He  wishes  to 
learn,  at  as  early  a  date  as  possible,  the  amount  of  this  fibre  which  is 
available,  the  price  of  it  in  Madras,  and  also  whether  a  regular  supply, 
say  about  300  tons  per  annum,  could  be  relied  upon.  As  the  informa- 
tion is  urgently  needed,  it  is  suggested  that  the  Reporter  on  Economic 
Products  might  communicate  dii'ect  with  our  correspondent,  whose 
name  and  address  are  enclosed. 
Jjer,  1898. 

Furcraea  gigantea  (Mauritius  Hemp), 

This  sample  of  the  fibre  of  Fur>yraa  git/antta  is  that  referred  to  by 
the  Reporter  on  Economic  Products  (F.S.S.  643/79)  as  having  been 
collected  by  him  while  on  tour  in  Southern  India.  It  was  labelled 

"  From  Wynaad,  R.E.P.'s  Collection  on  Tour.     No.  137°2." 

10523 

An  inspection  of  the  fibre  showed  that  it  had  not  been  thoroughly 
prepared,  which  may  partly  account  for  it  not  being  quite  so  white, 
or  so  soft,  as  this  fibre  can  be  obtained.  The  sample  has  been  submitted 
to  the  usual  chemical  examination  and  the  results  are  tabulated  below, 
together  with  those  furnished  by  two  other  samples  of  the  same  fibre 
which  have  been  previously  examined  in  this  Department,  one  from 
Grenada  and  the  other  from  Victoria. 

The  Indian  sample  is  distinctly  superior  to  both  the  others.  Besides 
showing  a  greater  length  of  fibre,  its  "  cellulose  "  is  in  a  purer  and 
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more  useful  condition,  as  is  proved  more  especially  by  the  smaller  loss 
in  the  process  of  (6)  hydrolysis,  in  that  of  acid  purification,  and  by  the 
higher  nitration  number. 

It  may  safely  be  concluded  from  the  results  of  the  chemical  exam- 
ination, that  the  fibre  is  of  excellent  quality,  and  if  properly  prepared 
would  command  a  satisfactory  price  in  the  market. 

The  report  of  the  fibre  expert  to  whom  the  sample  was  submitted 
entirely  confirms  this  conclusion.  He  states  that  the  fibre  is  of  satis- 
factory strength,  medium  length  and  fair  colour,  although  not  well 
prepared.  It  is  excellently  adapted  for  the  manufacture  of  cord. 
Owing  to  the  present  scarcity  of  Manilla  hemp,  this  fibre  might 
command  as  much  as  £35  per  ton  in  the  London  market,  but  in  the 
event  of  the  export  of  Manilla  hemp  becoming  normal  again,  the 
price  of  Furcrcea  would  probably  not  be  greater  than  £25  per  ton. 
There  is  practically  no  limit  to  the  quantity  which  might  be  disposed 
of  if  the  fibre  can  be  exported  at  favourable  rates. 

It  is  desirable  that  other  samples  of  this  fibre  should  now  be  collected 
by  Dr.  Watt  and  sent  here  for  examination,  so  that  it  may  be  proved 
that  its  uniform  quality  may  be  depended  upon.  In  this  connection  it 
may  be  mentioned  that  the  fibre  expert  reports  that  another  sample  of 
this  fibre  from  Southern  India,  which  was  submitted  for  his  opinion  a 
short  time  ago,  was  much  less  strong  than  the  sample  now  under 
consideration. 

It  may  also  be  mentioned  that  Furcrcea  gigantea  is  identical  with 
Mauritius  aloe,  and  that  it  has  been  largely  cultivated  on  abandoned 
sugar  plantations  in  Mauritius,  for  the  sake  of  its  fibre,  which  is  known 
in  the  trade  as  Mauritius  hemp. 

The  plant  has  also  been  cultivated  in  the  Leeward  Islands  for  the 
same  purpose. 

Result  of  the  chemical  examination  of  the  fibre  of  Furcrcea  gigantea 
derived  from  Southern  India,  Grenada  and  Victoria — 


Indian 

Grenada 

Victoria 

sample. 

sample. 

sample. 

Moisture      .         .         .              per  cent. 

9-86 

10-2 

11-6 

Loss  on  (a)  hydrolysis 

12-36 

14-9 

13-0 

„       (*)    '     » 

14-50 

22-0 

23-5 

,,       acid  purification 

1-72 

3-8 

5-6 

,,       mercerising 

11-38 

16-0 

16-2 

Gain  on  nitration 

40-66 

34-0 

34-0 

Cellulose 

77-74 

77-8 

72-2 

Length  of  ultimate  fibre  in  m.m.  . 

2-5 

1-5 

1-2 

April,  1900, 
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Arrowroot  Lily  Fibre  received  from  Mr.  J.  E.  Whiting, 
Satara,  Bombay, 

No  definite  opinion  can  be  formed  as  to  the  commercial  value  of  the 
fibre  prepared  from  so  small  a  sample  of  the  plant  as  was  sent  in  this 
instance.  The  preliminary  examination,  however,  was  conducted  on  the 
fibre  retted  under  the  usual  conditions  in  the  laboratory.  The  retting 
was  not  easily  accomplished,  having  to  be  assisted  by  chemical  treat- 
ment. The  fibre  thus  obtained  was  somewhat  short  and  broken.  It 
contained  rather  more  than  half  its  weight  of  cellulose.  Microscopic 
examination  of  the  fibre-bundles  showed  that  they  were  of  various 
lengths,  and  thus  not  very  suitable  for  practical  purposes. 

It  is  therefore  doubtful  whether  the  fibre  derived  from  this  plant  is 
likely  to  be  of  much  service,  although,  as  already  pointed  out,  the 
sample  submitted  for  an  opinion  is  extremely  small,  and  it  is  always 
best  that  the  retting  should  be  done  on  a  rather  larger  scale,  and  the 
fibre  then  submitted  to  a  chemical  examination. 

The  botanical  name  of  this  plant  was  not  mentioned,  but  it  is 
presumed  to  be  a  species  of  Alisma  or  Sayittaria.  It  seems  undoubtedly 
not  to  be  Tacca  pimiatijida,  which,  however,  also  furnishes  a  good 
arrowroot  as  well  as  a  serviceable  fibre  for  which  there  has  lately  been 
some  demand  in  the  English  market. 
:ber,  1900. 

Agave  rigida  (Sisal  Hemp), 

In  1896  an  examination  was  made  of  a  small  sample  of  the  fibre 
derived  from  the  leaves  of  Ayave  riyida,  var.  sisalana  obtained  from 
plants  grown  in  the  Royal  Botanic  Gardens,  Saharanpur.  Although 
the  sample  sent  was  too  small  to  carry  out  a  complete  chemical  ex- 
amination the  results  obtained  seemed  to  indicate  that  the  fibre  was 
of  good  quality,  and  this  conclusion  was  confirmed  by  the  report  of 
the  fibre  expert.  (See  Agricultural  Ledger,  1896,  No.  34,  p.  2.) 

A  further  set  of  samples  of  this  fibre  produced  at  Saharanpur  has 
been  since  received  (F.S.S.  3374-76)  representing  fibres  prepared  from 
the  leaves  under  various  conditions.  There  have  also  been  submitted 
through  the  Reporter  on  Economic  Products  a  sample  of  the  same 
fibre  grown  in  Chittagoug,  South,  Sylhet  (No.  11592,  F.S.S.  3420-76), 
and  also  a  sample  (No.  11558,  F.S.S.  565-76)  from  the  G  \\alior  State 
which,  although  referred  to  in  the  Reporter's  letter  as  Sisal  Hemp, 
was  labelled  Ayave  americana ;  its  characteristics,  however,  more 
closely  resembled  those  of  true  Sisal.  All  these  samples  have  been 
submitted  to  a  complete  chemical  examination,  and  also  have  been 
referred  to  experts  for  their  opinion  on  their  commercial  value.  It 
i.  G 
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will  be  seen  from  the  results  tabulated  and  discussed  below  that  Sisal 
fibre  grown  in  India  may  reach  at  least  as  high  a  standard  of  quality 
as  that  grown  in  the  Bahamas  and  elsewhere,  and  it  seems  desirable 
to  give  renewed  attention  to  the  question  as  to  whether  it  would  be 
profitable  to  cultivate  this  useful  fibre  in  India,  a  question  to  which 
no  clear  answer  has  been  yet  given.  (See  Agricultural  Ledger,  1900, 
No.  6,  p.  471.) 

Samples  from  Saharanpur. 

The  following  tables  give  particulars  of  the  preparation  of  the 
four  samples  from  Saharanpur  and  the  results  of  their  chemical 
examination  : — 


7753 

7754 

7755 

7756 

Agave  ri'i'uln,  var 

8325 

8320 

8327 

8328" 

Number  of  leaves  supplying  the 

fibre       .... 

100 

80 

60 

80 

Weight  of  leaves 

40  Ib. 

50  Ib. 

33  Ib. 

37  Ib. 

Weight  of  fibre  obtained    . 
Percentage  of  fibre  obtained 

lOioz. 
1-64 

13£oz. 
1-72 

9ioz. 
1-74 

9£oz. 
1-65 

Time  of  retting  . 

8  days. 

4  days. 

Length  of  staple 

2'  4J" 

3'  9" 

3'0" 

3'  9" 

Moisture    .         .         .    per  cent. 

8-4 

10-3 

9-1 

9-0 

Ash            ... 

0-57 

1-8 

0-82 

1-5 

Loss  on  (a)  hydrolysis 

8'3 

13-0 

8-6 

13-3 

,,       (6). 

17-3 

15-5 

15-1 

16-8 

,,       acid  purification 

0-57 

27 

1-6 

2-1 

,,       mercerising  . 

13-3 

14-4 

12-3 

13-1 

Gain  on  nitration 

36-3 

35-8 

37-5 

40-5 

Cellulose            .         .           ,, 

81-8 

78-5 

82-4 

77-3 

Length  of  ultimate  fibre  in  in.m. 

2-5 

2-5 

2-5 

2-5 

All  the  specimens  of  this  fibre  appear  to  have  been  cut  at  about  the 
same  time  and  taken  from  the  same  plants.  The  fibre  was  extracted 
from  the  green  leaves  by  beating  with  a  wooden  mallet  on  a  wooden 
block.  Samples  8326  and  8328  appear  to  have  been  extracted  without 
adopting  the  usual  preliminary  process  of  retting.  The  table  of 
chemical  results  may,  therefore,  be  discussed  from  two  points  of  view : 
(1)  the  effects  of  retting  on  the  fibre,  (2)  the  value  of  the  fibre  com- 
pared with  others  or  with  the  same  fibre  grown  in  other  countries. 

As  regards  (1)  it  appears  that  retting  has  a  favourable  effect  if  not 
allowed  to  proceed  too  far.  Certain  valueless  constituents  which 
readily  leave  the  fibre  and  would  probably  need  to  be  removed  in  any 
process  of  finishing,  are  easily  separated  in  this  preliminary  treatment. 
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This  is  indicated  by  the  lowering  of  the  ash,  (a)  hydrolysis,  mercerising 
and  acid  purification  figures,  and  the  corresponding  increase  of  the 
cellulose  figure,  in  the  retted  samples.  The  (a)  hydrolysis  figures,  for 
example,  show  that  the  unretted  fibre  contains  about  13  per  cent, 
of  easily  separable  constituents  (i.e.  those  removed  by  boiling 
the  fibre  in  one  per  cent,  soda  solution  for  5  minutes  only).  Of 
this  amount  5  units  disappear  in  the  preliminary  retting.  The 
(b)  hydrolysis  figures  show  that  another  3  per  cent,  (roughly)  is  removed 
in  continuing  the  hydrolytic  process  for  one  hour,  of  which  2  units, 
nearly  (compare  Nos.  8327,  8328 :  (6)  hydrolysis),  go  in  the  retting 
process.  Similar  results  are  exhibited  in  the  other  columns  previously 
mentioned. 

The  (b)  hydrolysis  number  in  sample  8325  has  risen  to  17'3,  which 
is  greater  than  the  amount  lost  by  the  unretted  samples.  A  compari- 
son of  the  two  retted  samples  suggests  that  a  period  of  8  days  is  rather 
too  great  to  secure  the  most  desirable  results.  The  increase  of  this 
number  by  nearly  2  units  over  the  corresponding  figure  given  by  the 
sample  8327  retted  for  only  four  days,  may  indicate  that  the  fibre  itself 
has  been  to  this  extent  attacked  and  rendered  hydrolysable.  Similarly 
the  mercerising  number  in  the  unretted  samples  is  13-14.  A  retting 
of  4  days  lowers  this  by  1-2  units ;  8  days  appear  to  bring  another 
1  per  cent,  into  the  soluble  condition  when  treated  with  20  per  cent, 
soda  solution.  The  approximate  percentage  yields  of  fibre  on  the 
gross  bulk  agree  too  closely  to  furnish  safe  grounds  for  inference,  but 
the  length  of  staple  appears  to  be  affected  by  long-continued  retting. 
It  thus  appears  that  No.  8327  is  the  best  and  most  representative 
sample  when  judged  from  a  chemical  standpoint. 

This  sample  (No.  8327)  may  therefore  be  compared  with  that  of  the 
same  series  previously  examined  and  also  with  a  sample  grown  in  the 
Bahamas  and  another  grown  in  Trinidad.  They  show  clearly  that 
the  sample  grown  in  India  is  at  least  equal  if  not  superior  to  the 
samples  from  Trinidad  and  the  Bahamas. 


Indian  Sisal 

Previous 

Bah&ni&s 

Trinidad 

(So.  S327). 

sample. 

BWL 

Sisal. 

'ire   .        .        .    percent. 

9-1 

11  -a 

12-8 

11-6 

Ash 

0-82 

1-7 

4-4 

1-0 

Loss  on  (a)  hydrolysis 

8-6 

13-4 

12-0 

11-7 

..       W        „ 

15-1 

17-2 

16-1 

13-5 

acid  purification 

1-6 

— 

8-1 

1-0 

mercerising  . 

12-3 

— 

13-4 

8-9 

Gain  on  nitration 

33  -j 

30-8 

297 

32-9 

;  Cellulose   . 

82-4 

78-8 

75'9 

77-2 
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Samples  from  South  Sylhet  and  the  Gwalior  State. 

Attention  has  been  directed  to  an  ambiguity  in  the  description  of 
the  fibre  grown  in  the  Gwalior  State,  it  having  arrived  labelled  A. 
americana,  but  referred  to  in  the  official  letter  as  Sisal  Hemp. 

No  information  has  been  given  as  to  the  preparation  of  these 
samples. 

The  two  fibres  have  been  submitted  to  chemical  examination  with 
the  following  results  : — 


Gwalior  State.    A. 
americana  (No.  11558). 

Chittagoug,  S.  Sylhet. 
A.  rigida,  van  sisalana 
(No.  11592). 

Moisture    .        .        .    per  ceut. 

774 

9-25 

Ash            ... 

1-05 

1-22 

Loss  on  (a)  hydrolysis 

9-29 

12-29 

,,       (6)    "     ,. 

10-87 

15-61 

,,       acid  purification 

1-47 

7-89 

,,       mercerising    . 

7-83 

11-48 

Gain  on  nitration 

31-16 

37-61 

Cellulose    . 

79-79 

76-39 

Length  of  staple  in  feet 

3-4 

3-4 

Length  of  ultimate  fibre  in  m.m. 

2-6 

2-5 

The  Gwalior  sample  labelled  A.  americana  is  shown  to  be  of  excel- 
lent quality.  In  the  following  table  its  chemical  characteristics  are 
compared  with  those  of  a  sample  grown  in  the  Royal  Botanical 
Gardens,  Melbourne,  and  also  with  an  Indian  sample  from  the  Colonial 
and  Indian  Exhibition  examined  by  Messrs.  Cross  and  Be  van  : — 


Gwalior 
sample. 

Melbourne 
sample. 

Previous  Indian 
sample. 

Moisture       .         .         .     per  cent. 

7-74 

10-4 

10-5 

Ash 

1-05 

1-6 

1-4 

Loss  on  (a)  hydrolysis  . 

9-29 

11-6 

10-0 

,.       (&)    '      „ 

10-87 

26-3 

20-0 

,  ,       acid  purification 

1-47 

6-9 

1-1 

,,       mercerising 

7-83 

22-8 

11-0 

Gain  on  nitration 

31-16 

12-7 

9-8 

Cellulose 

79-79 

72-8 

75-8 

Length  of  ultimate  fibre  in  m.m. 

2-6 

1-6-3-1 

2-6 

The  Gwalior  sample  is  thus  seen  to  be  superior  to  either  of  those 
:A'  which  it  is  compared,  chiefly  on  account  of  its  smaller  loss  under 
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the  processes  of  hydrolysis  and  mercerising  as  well  as  by  its  greater 
gain  by  nitration  and  its  larger  percentage  of  cellulose. 

The  report  of  the  fibre  expert  states  that  the  material  more  closely 
resembles  the  fibre  from  Sisal  than  that  from  A.  americana.  The  fibre 
was  strong,  of  good  colour,  and  being  rather  smaller  in  diameter  than 
ordinary  Sisal  would  probably  be  suitable  for  the  manufacture  of  fine 
rope.  Its  probable  value  is  from  £25  to  £26  per  ton. 

The  sample  of  Ayare  rigida,  var.  sisal  ana  from  Chittagong  was 
submitted  to  chemical  examination  with  the  following  results,  which 
are  tabulated  alongside  those  furnished  by  what  may  be  regarded  as 
standard  samples  from  Trinidad  and  the  Bahamas,  and  it  will  be  seen 
that  the  present  sample  closely  resembles  both  these  in  composition, 
occupying  a  position  between  the  two : — 


Chittagong. 

I 

Trinidad. 

Bahamas. 

Moisture 

per  cent. 

9-24 

11-6 

12-8 

Ash 

1-22 

1-0 

4-4 

Loss  on  (a)  hydrolysis 

12-29 

11-7 

12-0 

„       (6) 

15-61 

13-5 

16-1 

,,      acid  pnrificatio 

n 

7-89 

1-0 

8-1 

„       mercerising 

11-48 

8-9 

13-4 

Gain  on  nitration 

37-61 

32-9 

29-7 

Cellulose 

76-39 

77-2 

75-9 

Length  of  ultimate  fibre  in  m.m. 

2-5 

— 

— 

The  fibre  expert  reports  that  as  regards  length  and  general  character 
this  fibre  is  of  good  quality  but  is  deficient  in  colour,  owing  probably 
to  dirty  water  having  been  used  in  its  preparation.  If  the  colour 
was  satisfactory  the  fibre  would  be  worth  about  £25  per  ton. 

In  order  to  gain  further  information  as  to  the  quality  of  Sisal  fibre 
grown  in  India  as  compared  with  that  produced  elsewhere,  all  the 
samples  now  under  consideration  were  submitted  to  an  expert  having 
large  experience  of  the  excellent  Sisal  grown  in  Egypt.  He  is  of 
opinion  that  both  in  colour  and  in  length  the  Chittagong  and  Gwalior 
samples  are  superior  to  those  produced  in  Saharanpur,  which  he  con- 
;  siders  have  been  badly  scutched  and  the  fibre  bruised.  He  states  that 
none  of  these  samples  come  up  to  the  finest  Egyptian  Sisal  in  colour 
or  in  length.  He  considers  that  from  a  commercial  point  of  view  it  is 
important  to  pay  special  attention  to  the  colour,  and  if  possible  to  produce 
a  silvery-white  fibre,  as  this  always  commands  the  highest  price  in  the 
market.  If  the  leaves  are  left  too  long  in  the  sun  before  scutching 
the  colour  is  always  impaired. 

October,  1901 
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Two  Varieties  of  Indian  Jute  offered  for  sale  on  the 

London  Market, 

A  new  variety  of  Indian  jute,  stated  to  be  superior  to  the  ordinary 
fibre,  has  recently  been  offered  on  the  London  market,  and  samples 
have  been  obtained  from  the  brokers  for  the  purpose  of  chemical 
examination,  so  that  the  material  might  be  compared  with  other 
samples  of  Indian  jute  which  have  been  examined  in  this  Department. 
This  new  variety  was  stated  to  be  superior  to  Bimlipatam  jute,  which 
commands  a  good  price  in  the  market.  Reference  to  the  collections 
of  fibres  in  the  Indian  Section  of  the  Imperial  Institute  showed  that 
they  did  not  include  a  sample  of  Bimlipatam  jute,  at  any  rate  under 
that  name,  nor  could  any  description  of  the  fibre  be  found  in  the 
literature  on  this  subject.  No  chemical  examination  of  it  appears  to 
have  been  made.  It  therefore  appeared  desirable  also  to  obtain  inform- 
ation as  to  the  characters  of  this  fibre,  which  is  a  commercial  article, 
and  the  brokers  were  good  enough  to  furnish  samples  for  this  purpose. 

It  is  important  that  the  attention  of  the  Reporter  on  Economic- 
Products  should  be  drawn  to  the  characteristics  of  both  these  fibres, 
of  which  samples  are  enclosed.  He  will  no  doubt  be  able  to  clear  up 
the  botanical  origin  of  these  varieties  of  jute,  about  which  little  or 
nothing  seems  to  be  known  in  commercial  quarters. 

It  will  be  seen  from  the  results  of  the  chemical  examination  and 
also  from  their  commercial  valuation  that  these  fibres  are  deserving 
of  careful  attention. 

New  Indian  Jute  Fibre. 

This  fibre  was  stated  by  the  agents  who  put  it  on  the  market  not 
to  be  jute,  but  a  superior  material.  The  brokers,  however,  regard  it  as 
jute,  identical  with  the  Indian  variety  known  as  Bimlipatam  jute. 

The  sample  consisted  of  two  hanks  which  may  be  designated  A  and 
B.  A  was  of  a  pale  buff  colour,  and  B  of  a  silvery-grey  colour 
distinctly  darker  than  A.  Both  specimens  consisted  of  a  highly 
lignified  fibre,  and  resembled  jute  very  closely  in  appearance.  When 
chemically  examined  on  the  systematic  plan  adopted  here,  the  follow- 
ing results  were  obtained  : — 

Sample  A. 
12-0    per  cent. 
6-55 
9-1 
13-1 
2-5 
7-1 
31-9 
74-6-74-2 


Moisture 

Ash          .... 

Loss  on  («)  Hydrolysis 

Loss  on  (6)  Hydrolysis     . 

Loss  on  Acid  Purification 

Loss  on  Mercerising 

Gain  on  Nitration    . 

Cellulose 

Length  of  ultimate  fibre  . 


Sample  B. 
snt.       11  '3    per  cent. 

0-78 

9-4 

14-1 

2-1 

7-8 

38-8 

75-1-75-6 
1-3-1-6  m.m. 
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These  results  show  that  the  fibre  very  closely  resembles  jute  of 
superior  quality.  Several  specimens  of  Indian  jute  examined  in  this 
Department  have  given  similar  results.  There  are,  however,  one  or 
two  Indian  plants  from  which  fibre  has  been  obtained  resembling  in 
character  that  now  under  consideration,  and  showing  a  close  affinity 
to  jute.  Of  these  may  be  mentioned  one  of  the  little-known  sterculi- 
aceous  plants,  Ahroma  «>'<///>/'/.  The  fibre  derived  from  this  plant  is 
similar  in  character,  but  superior  to  ordinary  jute,  and  its  examination 
in  this  Department  has  given  results  closely  resembling  those  now 
recorded.  The  sample  of  Abroma  fibre  was,  however,  of  better 
colour  and  more  silky  than  the  present  material. 

A<  far  as  the  results  of  chemical  examination  can  decide  the 
question,  it  would  appear  that  the  fibre  received  from  the  brokers  is  of 
excellent  quality  and  probably  superior  to  average  samples  of  jute  in 
durability. 

Bimlipatam  Jute. 

This  jute  as  offered  on  the  London  market  is  inferior  in  general 
appearance  to  ordinary  jute,  and  does  not  appear  to  be  so  well  cleaned. 
The  commercial  material  submitted  included  rough,  barky  fibre  as  well 
as  fine  fibre,  and  fetched  from  £,\  1  to  £12  12s.  Gd.  a  ton. 

The  sample  was  partly  of  a  fawn  colour,  and  partly  of  a  brownish- 
grey  colour ;  some  hanks  being  intermediate  between  these  two.  For 
chemical  examination  an  extreme  representative  of  each  colour  was 
taken,  A  fawn-coloured,  B  brownish-grey. 

The  following  are  the  results  of  the  examination  : — 

Sample  A.  Sample  B. 

Moisture          .         .         .  10-25  per  cent.  11-0  per  cent. 

Ash         ....       1-18  „  „  6-3-8-0     „      „ 

Loss  on  ((/)  Hydrolysis     .       9-6  „  „  U-2     „      „ 

Loss  on  (6)  Hydrolysis     .  15-9  „  „  19-1     „      „ 

Loss  on  Acid  Purification       0-4  „  „  7'0     „      „ 

Loss  on  Mercerising         .  16-1  ,,  „  14-9     „      „ 

Gain  on  Nitration   .         .  74*9  „  „  66-6     „      „ 

Cellulose          .         .         .  74'9  „  „  67 -6     „      „ 
Length  of  ultimate  fibre                               3-2-3-3  m.m. 

These  results  show  that  Bimlipatam  jute  is  of  good  quality,  though 
inferior  to  other  samples  of  Indian  jute  which  have  been  examined  in 
this  Department.  It  is  obviously  not  identical  with  the  fibre  referred 
to  above.  It  will  be  seen  that  the  fibres  of  the  Bimlipatam  jute  are 
about  twice  as  long  as  those  of  the  new  material,  whilst  they  are 
much  more  susceptible  to  the  action  of  alkalis  and  mercerising,  and  the 
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cellulose  has  different  properties,  as  indicated  by  the  larger  gain  on 
nitration.  Comparing  the  results  of  the  examination  of  the  two 
hanks  A  and  B  considerable  differences  are  apparent,  especially  in  the 
numbers  representing  ash,  cellulose,  loss  on  hydrolysis,  and  gain  on 
nitration.  This  discrepancy  has,  however,  been  explained  by  a  further 
examination  of  the  specimen  B,  which  proves  to  be  thinly  covered 
with  a  fine  powder,  apparently  held  by  some  adhesive  material.  This 
accounts  for  the  high  percentage  of  ash,  chiefly  composed  of  calcium 
and  sodium  salts.  Since  these  substances  are  dissolved  in  the  processes 
of  chemical  examination,  the  differences  in  the  numbers  of  the  two 
samples  are  accounted  for.  It  was  found  that  when  the  specimen  B 
is  boiled  with  water  it  loses  no  less  than  4  per  cent,  by  the  removal  of 
soluble  substances.  It  appears,  therefore,  that  the  fibre  of  brownish- 
grey  colour  has  undergone  some  special  treatment ;  allowing  for  this  it 
is  clear  that  specimens  A  and  B  are  essentially  the  same  fibi-e. 

Since  Bimlipatam  jute  appears  to  be  in  some  demand  in  the  English 
market,  it  would  be  worth  while  to  enquire  into  its  origin  and  mode 
of  preparation  with  the  view  of  improving  its  quality  and  general 
appearance. 

November,  1901. 


FIBRES   (VICTORIA). 

A  fine  collection  of  fibres  has  been  sent  to  the  Imperial  Institute 
from  the  Botanical  Gardens  at  Melbourne,  where  they  have  been 
prepared  under  the  superintendence  of  Mr.  W.  R.  Guilfoyle,  F.L.S., 
the  Director  of  the  Gardens,  with  the  view  of  showing  that  the  climate 
and  soil  of  Victoria  are  adapted  for  the  growth  of  many  non-indigenous 
fibre-producing  plants.  The  samples  have  been  submitted  to  chemical 
examination  in  the  Scientific  Department,  and  the  results,  which  are 
given  in  the  following  series  of  reports,  fully  demonstrate  the  possibility 
of  producing  excellent  fibres  in  Victoria. 

I.  Species  of  Agave  and  Yucca. 

The  results  of  the  chemical  examination  of  these  fibres  are  given 
below  in  tabular  form,  side  by  side  with  those  furnished  by  a  sample 
of  Agave  americana  for  comparison  : — 
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Agave  Karaite  . 

12-37 

1-94 

16-6 

•21-6 

16-8 

13-8 

76-5 

7-1 

1-5-4 

Agare  incxicana 

13-3 

2-8 

18-0 

28-6 

16-7 

L'lj-ll 

754 

5-8 

1-5-2 

Agave  Eumphii 

11-5 

1-07 

12-1 

20-3 

16-4 

16'4 

75-0 

3-5 

1-5-2-5 

Yucca  aloifolin 

10-8 

1-73 

24-8 

28-6 

20-4 

11  3 

61-0 

11-3 

1-5 

Yucca  jJe:rilis    . 

13-9 

2-n4 

19-05 

25-4 

21-1 

11-0 

697 

8-4 

1-6-36 

Yucca  gloriosa,  . 

13-05 

163 

15-18 

19-03 

15-25 

12-7 

77-5 

6-6 

2-5-3-5 

1  Agare  americana     . 

10-5 

1-4 

10-0 

20-0 

11-0 

9-8 

75-8 

1-1 

— 

These  figures  fully  confirm  the  expectation  of  Mr.  Ouilfoyle  as  to 
the  suitability  of  Victoria  for  the  production  of  fibre-yielding  plants. 
Agave  Karatto  is  shown  to  be  quite  equal  to  A.  americana,  while  A. 
me.vicana  and  A.  Sumphii  are  but  slightly  inferior.  The  fibre  of  A, 
americana,  it  may  be  mentioned,  when  made  into  ropes  is  stronger 
than  Russian  hemp,  and  the  paper  manufactured  from  it  is  tougher 
than  Bank  of  England  note  paper.  The  Yucca  gloriosa  yields  a  fibre 
nearly  equal  in  value  to  these  Agaves,  but  Y.  flexilis  is  somewhat 
deficient  in  cellulose.  The  sample  of  Y.  aloifolia  is  distinctly  inferior, 
but  the  inferiority  is  apparently  due  to  defective  preparation,  as,  under 
the  microscope,  the  fibre  is  seen  to  be  quite  rotten.  Mr.  Guilfoyle  has 
explained  the  crude  methods  by  which,  in  the  absence  of  machinery, 
the  fibres  were  extracted,  and  to  this  the  inferior  condition  of  the 
sample  is  no  doubt  attributable. 
,  1895. 


1  Cross  and  Bevan  —  Report  on  Indian  fibres  and  fibrous  substances,  p.  9. 
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II.  Species  of  Agave,  Furcraea,  Kniphofia  and  Dracaena, 

The  following  Table  saves  the  results  of  the  chemical  examination:- 
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Agave  americana 

10-4 

1-6 

11-6 

26-3 

6-9 

22-8 

12-7 

72-8 

1-6-3-1 

Furcrcca  gigantea 

11-6 

2-3 

13-0 

23-5 

5-6 

16-2 

34-0 

72-2 

1-2 

Kniphofia  grandiflora 

12-2 

2-4 

2i  CO 

21-8 

4-9 

16-1 

28-9 

66-0 

1  (?) 

Kniphofia  Eoopcri 

13-5 

1-9 

19-5 

23-1 

4-5 

17-1 

33-3 

70-3 

1-5-4-6 

Knipliofia  rccurvata 

12-4 

1-7 

18-2 

267 

0-2 

16-6 

30-0 

71-3 

1-8 

Kniphofia  aurea 

13-9 

1-7 

14-5 

20-6 

39 

16-5 

24-6 

76-1 

1-5-2-4 

Draccena  Draco 

11-2 

1-7 

18-6 

22-1 

10-0 

18-7 

25-9 

69-2 

1-5-2-5 

Agave  rigida    . 

12-2 

2-3 

23-2 

26-1 

10-9 

29-9 

9-9 

64-6 

3 

Agave  rigida,v&r.  sisalana) 

from  Bahamas  for  com-  V 

12-8 

4-4 

12-0 

16-1 

s-i 

13-4 

29-7 

75-9 

parison. 

It  may  be  noticed  that  the  fibre  of  Agave  americana  grown  in 
Melbourne  is  slightly  inferior  to  that  examined  by  Mr.  Cross,  the 
numbers  for  which  were  given  in  the  first  report.  It  is  less  resistant 
to  the  hydrolytic  processes,  the  percentage  of  cellulose  is  lower,  and  the 
ultimate  fibres  shorter. 

The  sample  of  Agave  rigida  from  Victoria  was  obtained  from  an 
immature  plant,  and  the  results  cannot  therefore  be  considered  equal 
to  those  which  might  have  been  obtained  had  the  plant  been  in  a 
more  mature  condition.  The  results  obtained  from  a  sample  of  sisal 
hemp  from  the  Bahamas  are  given  separately  for  comparison. 

Of  the  Kniphofice,  the  species  grandiflora  is  the  poorest  in  all  respects, 
but  the  specimen  was  rather  rotten,  and  probably  not  an  average 
sample.  The  other  three  are  practically  on  the  same  level,  the  K. 
Rooperi  having  the  longest  fibres. 

Furcrcea  gigantea  and  Draccena  Draco  may  be  considered  respect- 
ively superior  and  inferior  to  the  Kniphofice.  All  these  fibres,  however, 
are  so  nearly  equal  in  value  that  the  selection  of  any  particular  one  for 
cultivation  would  depend  almost  entirely  upon  local  conditions  and  the 
relative  qualities  of  hardiness,  speed  and  freedom  of  growth,  etc., 
possessed  by  the  plants. 

April,  1895. 
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III,  Species  of  Cordyline. 

The  fibres  of  the  Cordylines,  which  belong  to  the  order  Liliaceae, 
exhibit  under  chemical  treatment  a  much  greater  variation  among 
themselves  than  the  Kniphojia  which  were  dealt  with  in  the  last 
report.  Taken  as  a  class,  they  must  be  considered  inferior  to  these, 
except  Cordyline  Conkii,  which  seems  to  be  nearly  equal  to  the  best  of 
the  Kniphofice.  Cordyline  austral  is,  C.  Banksii,  C.  Cookii  and  C. 
Veitchii  are  indigenous  to  Xew  Zealand,  C.  Baueri  to  Norfolk  Island 
and  Tropical  Polynesia,  and  C.  stricta  to  New  South  Wales  and 
Queensland.  Of  the  Cordylines  examined,  the  most  common  in  the 
Botanical  and  other  gardens  in  Melbourne  is,  according  to  Mr.  Guilfoyle 
the  Cordyline  australis  (Forster's  Palm  Lily),  which  under  favourable 
circumstances  grows  to  a  height  of  30  to  40  feet,  and  will,  with  proper 
attention,  yield  a  good  crop  of  leafage  in  its  fourth  or  fifth  year.  As 
it  will  grow  vigorously  in  land  which  is  subject  to  partial  inundation, 
it  can  be  produced  in  places  otherwise  comparatively  useless.  It  seeds 
freely,  and  can  therefore  be  extensively  propagated,  so  that  a  young 
plantation  may  always  be  coming  on  to  supersede  the  old  one,  when 
this  becomes  unprofitable.  The  fibre  of  Cordyline  Banksii  (Sir  Joseph 
Banks'  Palm  Lily)  is  long  in  staple  and  of  great  strength,  and  Mr. 
Dodge,  in  his  report  to  the  Commissioner  of  Agriculture,  New  York, 
on  a  sample  sent  to  the  Philadelphia  Exhibition,  considers  that  it  is  fully 
as  strong  as  Yucca  fibre,  and  that  it  would  make  excellent  rope  of  great 
tenacity.  It  is,  however,  as  may  be  seen  from  the  Table,  much  affected 
by  the  hydrolytic  processes,  and  is  less  resistant  to  these  than  the 
other  Cordylines,  which  would  seem  to  indicate  that  this  fibre  would  be 
less  fitted  to  withstand  prolonged  immersion  in  water  than  the  others. 

The  fibre  of  Cordyline  Cookii  has  given  the  best  results  under 
chemical  treatment,  being  more  resistant  to  the  hydrolytic  processes, 
and  giving  a  larger  percentage  of  cellulose,  while  its  ultimate  fibres  are 
of  considerable  length. 
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V/ifl  austmlis 

1-2-4 

0-86 

13-6 

18-8 

3-0 

14-4 

17-6 

69-1 

•2-4-3-5 

CordyJine  Baueri 

11-0 

1-06 

14-9 

18-8 

4-i:> 

16-9 

11-9 

59-3 

1-3-15 

Cordyline  Banksii 

9-1 

"•77 

17-0 

23-2 

4-4 

•23-4 

16-fi 

66-7 

1-6-2-4 

Cordyline  Cookii 

11-4 

0-3 

1-2-6 

18-0 

1-8 

1.V7 

•26-3 

73-1 

1-3-7-1 

Cordyline  stricta 

10-3 

n-7 

l.V.j 

19-4 

4-6 

19-3 

18-2 

65-8 

0 

'('/i-j   I'dtchii 

11-3 

0-fl 

14  -u 

17-8 

4-4 

17-9 

17-2 

66-9 

1-5-2-5 

J       . 
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IV.  Species  of  Abutilon,  Lavatera,  Plagianthus  and  Sida, 

These  fibres,  obtained  from  different  species  of  Malvacece,  may  be 
considered  to  rank  beneath  the  Indian  Jutes  and  Sidas  in  value,  but 
about  on  a  level  with  the  Victoria-grown  Agaves,  and  rather  above  the 
Victoria-grown  Cordylines. 

The  character  of  the  fibres  is,  however,  quite  different  to  that  of  the 
two  last-named  species,  which  are  monocotyledonous,  and  approximates 
much  more  nearly  to  the  Jutes  and  Sidas,  which,  together  with  those 
now  under  consideration,  belong  to  closely  allied  dicotyledonous  orders. 
The  present  samples  are  all  reticulated,  not  single  long  fibres,  like  the 
cultivated  jute,  but  consisting  of  straps  from  a  half  to  a  quarter  of  an 
inch  in  breadth.  They  are,  therefore,  not  suited  for  spinning,  but 
might  lend  themselves  to  plaiting,  especially  Plagianthus  betulinus. 
There  is  no  reason,  however,  why  the  reticulation  should  not  be 
suppressed  by  cultivation,  as  it  has  been  in  the  case  of  jute.  Con- 
sidered amongst  themselves,  Abutilon  Bedfordianum  most  nearly 
approximates  to  the  jute  type.  The  sample  of  Lavatera  arborea  is  of 
a  fine  white  colour  and  possesses  considerable  gloss.  Plagianthus 
betulinus,  when  disintegrated,  is  extremely  slender  and  delicate.  Sida 
mollis  gives  analytical  numbers  very  similar  to  those  obtained  from 
samples  of  Indian  Sida,  but  the  fibre  is  much  less  substantial.  This 
sample  seems  to  be  somewhat  immature,  and  this  appears,  indeed,  true 
of  all  the  four  samples  with  which  this  report  deals. 
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Abutilon  Bedfordianum    .       10  "3 

0-95 

10-8 

13-6 

14-2 

3-2 

1  1  -5 

74-4 

2-3-7 

Lavatera  arbor  ea       .         .       1  1  "7 

0-52 

14-8 

20-9 

29-0 

1-6 

19-2 

70-9 

1-1-5 

Plagianthus  betulinus        .      11  '6 

0-92 

12-4 

12-4 

8-2 

2-7 

34-2 

64-6 

1-5-2 

Si  da  mollis       .         .         .       ll'l 

0-95 

10-6 

14-6 

10-6 

2-0 

24-4 

65-3 

1-1-5 

September,  1895. 


V,  Species  of  Plagianthus,  Hibiscus,  Lavatera,  Sphseralcea, 
Sparmannia  and  Grewia. 

The  fibres  of  these   plants,  belonging  to  the  orders  Malvaceae  and 
Tiliacese,  have  been  examined  with  the  following  results : — 
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Plagianthus  pulchellus       .       11  "2 
Hibiscus  mutabilis     .         .       10  '8 

2-3 
0-8 

12-9 
15-7 

18-3 
17-8 

i 
17-5 

1-6    38-5 
1-5    23-5 

70-5 
72-0 

2-0 

1-5-2-4 

Lavatera  maritima    .         .       11'9      <J-3      13'4 

Hi  -5       L'n-J      1-3     21-9 

73-8 

2-4-3-4 

Sphcerakea  umbellate        .      12'0 

0-7 

11-3 

14-5 

12-8      2-1    34-3 

68-7 

2-5-4-0 

TlLIACE-E  — 

Sparmannia  africana         .       H'ti      "'•"> 

10-0 

16-9 

11-2      1-5    4U-2     72  -U 

3'3 

occidental  is   .         •      10*1      0"3 

12-2 

15-4 

12-4      1-9    34-9     74-6 

1-6 

Playianthus  pulchellus  (the  "Victorian  Hemp-bush"). — Tlie  examin- 
ation of  the  fibre  from  this  plant  very  well  bears  out  the  high  character 
given  to  it  by  Mr.  Guilfoyle,  who  says  it  is  quite  equal  in  quality  to  the 
fibre  of  Xida  retusa.  It  is  superior  to  a  medium  quality  Indian  jute, 
and  much  superior  to  the  sample  of  Plagianthus  betulinus  fibre  which 
was  commented  on  in  the  last  report. 

Hibiscus  mutabilis  (the  "  Changing  Rose-mallow ")  is  a  native  of 
China;  its  fibre  does  not  appear  to  be  at  present  quite  up  to  the 
standard  of  that  known  as  "West  Indian  Mahoe,"  mentioned  in  the 
Report  of  the  Colonial  and  Indian  Exhibition  of  1886,  page  382, 
which  is  also  the  product  of  an  Hibiscus;  but  the  difference  is  not 
great. 

Lavatera  maritima. — The  hydrolysis  numbers  are  a  little  high,  but 
the  general  appearance  and  length  of  the  ultimate  fibre  are  both  good. 
The  analyses  bear  out  in  every  detail  its  superiority  to  the  fibre  of 
Lai-atera  arborea  (see  last  report) ;  it  is  also  almost  free  from  reticula- 
tion. The  plant  being  a  tall  quick-growing  biennial,  from  which  the 
fibre  is  easily  extracted,  it  would  appear  to  be  a  very  promising  subject 
for  further  consideration. 

Sphteralcea  umbellata  (the  "  Globe  Mallow  ")  is  a  native  of  Mexico. 
Its  fibre  will  probably  stand  wear  and  tear  better  than  Lavatera 
maritima,  and  appears  to  be  in  many  respects  superior  to  jute. 

Sparmannia  africana. — There  is  considerable  interest  attached  to 
the  fibre  of  this  plant.  A  native  of  the  Cape  of  Good  Hope,  it  was 
grown  in  the  Botanic  Gardens  at  Melbourne,  and  a  sample  of  the 
fibre  sent  thence  to  the  Philadelphia  Exhibition  of  1876,  under  the 
name  of  "African  Hemp-bush."  It  met  with  a  very  favourable 
reception,  and  was  highly  reported  on  for  appearance  and  tenacity. 

1  The  quantity  of  tibre  in  stock  was  insufficient  for  experiment. 
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The  present  examination  fully  bears  out  the  good  opinion  then  formed 
of  it.  The  nitration  and  cellulose  numbers  are  both  excellent,  and 
the  hydrolysis  numbers  are  nearly  as  good  as  those  given  by  Sida 
fibre. 

Grewia  occidentalis. — The  fibre  of  this  plant  has  given  very  good 
analytical  results,  but  the  ultimate  fibre  is  rather  short,  this  being, 
no  doubt,  connected  with  its  reticulated  structure.  The  quality 
and  character  of  the  fibre  could  probably  be  still  improved  by  culti- 
vation. 

The  six  fibres  included  in  the  present  report  form  on  the  whole  an 
admirable  series ;  the  fibre  of  Sparmannia  africana  is  the  best,  but 
the  other  five  follow  very  closely. 

October,  1895. 

VI.  Species  of  Sterculia, 

The  following  are  the  results  of  the  chemical  examination : — 
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Sterculia  diversifolia 

10-6 

10-8 

10-8 

13-2 

3-1 

24-9 

67-1 

0-5-1-5 

Sterculia  acerifolia    . 

11-2 

1-2 

11-0 

15-8 

10-4 

1-3 

36-7 

75-0 

2-5-3-5 

The  two  fibres  have  been  examined  more  with  the  object  of  completing 
the  comparative  examination  of  the  series  of  specimens  included  in  the 
collection  from  Victoria  than  in  the  hope  of  showing  that  they  could 
furnish  valuable  spinning  material.  In  fact  their  peculiar  character 
renders  them  most  unsuitable  for  spinning  purposes.  They  are  strongly 
reticulated,  and  at  the  same  time  harsh  and  woody.  The  results 
obtained  indicate,  however,  that  the  wear-resisting  properties  of  these 
two  fibres  are  of  a  high  order,  and  there  are  purposes  for  which 
they  might  be  utilised  in  their  present  condition.  Mr.  Guilfoyle  him- 
self says  of  them :  "  The  members  of  this  family  (Stercidiacece)  all 
yield  from  their  stems  and  branches  fibres  not  easily  affected  by  wet, 
and,  therefore,  suitable  for  ropes,  matting,  baskets,  etc.,  whilst  the 
refuse,  or  tow,  left  by  the  hackling  is  no  mean  substitute  for  horse-hair, 
its  elastic  nature  rendering  it  invaluable  for  such  purposes." 

Sterculia  acerifolia  can  be  woven  into  coarse  cloth  and  plaited  into 
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hut-;  and  bonnets.     It  has   a  beautiful  silky  and  lace-like  appearance. 
Stercul'w  'Jiwgijolia  is  similar,  but  coarser  and  darker  in  colour. 

This  brings  to  a  conclusion  the  examination  of  the  samples  of  some 
forty-five  different  fibres  which  are  in  the  Victorian  Court  of  the 
Imperial  Institute,  and  concerning  which  further  details  are  to  be  found 
in  its  official  catalogue.  The  results  obtained  are  of  value  from  two 
points  of  view — first,  as  strongly  supporting  the  claim  of  the  Colony  of 
Victoria  to  be  capable  of  producing  first-class  fibres,  suitable  for  every 
variety  of  purpose ;  and,  secondly,  as  affording  a  fairly  extensive  series 
of  results,  valuable  for  purposes  of  comparison  and  reference. 
.iber,  1895. 


FIBKES     NEW   SOUTH   WALES). 

Agave  rigida  (Sisal  Hemp),  received  through  the  Agent-General, 

The  fibre  was  forwarded  by  the  Secretary  for  Mines  and  Agriculture, 
Sydney,  having  been  grown  at  one  of  the  experimental  farms  in  the 
Colony. 

The  sample  has  been  submitted  to  a  complete  chemical  examination, 
and  on  the  basis  of  the  results  thus  obtained  an  opinion  has  been 
furnished  by  an  expert  and  broker  in  fibres. 

Chemical  Characters  of  New  South  Wales  Sisal  Fibre. 

The  sample  consisted  of  long,  soft,  fine  fibres,  somewhat  shorter, 
however,  than  the  best  samples  now  in  the  market.  More  than  one- 
half  of  the  fibres  were  entirely  satisfactory  in  colour,  being  quite  white. 
The  remainder,  however,  were  brown  and  had  obviously  been  im- 
properly prepared,  a  defect  which  it  should  be  easy  to  remedy  in  future. 
In  order  to  ascertain  the  composition  and  properties  of  this  fibre,  and 
especially  to  arrive  at  a  comparison  between  it  and  Sisal  fibre  produced 
in  other  countries,  a  complete  chemical  examination  has  been  made,  the 
results  of  which  are  tabulated  below  side  by  side  with  those  of  a  sample 
grown  in  Trinidad,  and  those  of  another  sample  produced  in  the 
Bahamas,  which  may  be  regarded  as  a  standard  specimen. 
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Bahamas 

Sisal. 

N.  S.  Wales 
Sisal. 

Trinidad 
Sisal. 

Moisture,  per  cent. 

12-8 

9-77 

11-6 

Ash,  percent. 

4-4 

1-59 

1-0 

Cellulose,  per  cent. 

75-9 

7771 

77-2 

Hydrolysis  (a)  —  loss,  per  cent. 

12-0 

13-02 

11-7 

(6) 

16-1 

15-04 

13-5 

Mercerising  —  loss,  per  cent. 

13-4 

12-22 

8-9 

Acid  purification  —  loss,  per  cent 

8-1 

5-62 

1-0 

Nitration  —  gain,  per  cent.  . 

297 

34-07 

32-9 

A  comparison  of  these  figures  shows  that  the  New  South  Wales  Sisal 
is  somewhat  superior  in  quality  to  that  from  the  Bahamas  and  from 
Trinidad. 

The  brokers  to  whom  this  specimen  was  submitted  report  that  the 
fibre  is  of  good  quality,  softer  and  finer  than  ordinary  Mexican  Sisal, 
though  somewhat  shorter  in  staple.  The  colour  of  the  greater  part  of 
the  sample  is  unsatisfactory  owing  to  imperfect  preparation,  but  it  is 
clear  that  with  proper  treatment  satisfactory  results  can  be  obtained. 
Assuming  that  the  fibre  can  be  produced  of  the  same  quality,  uniformly 
white,  it  would  command  as  much  in  the  English  market  as  Mexican 
Sisal  does,  namely,  about  .£39  per  ton.  It  must,  however,  be  remembered 
that  at  the  present  time  the  price  of  Sisal  fibre  is  exceptionally  high 
owing  to  the  scarcity  of  Manilla  hemp,  and  that  the  average  value 
of  the  best  Sisal,  as  a  rule,  would  not  be  greater  than  £20  per  ton. 

Our  expert  is  of  opinion  that  there  would  be  a  ready  market  for 
as  much  of  this  New  South  Wales  fibre  as  could  be  produced. 
Febritanj,  1900. 


FIBRES   (QUEENSLAND). 

Hibiscus  heterophyllus  and  H,  Sabdariffa, 

The  fibres  from  these  two  species  of  Hibiscus,  of  which  samples  were 
obtained  from  the  collection  in  the  Imperial  Institute,  have  been 
chemically  examined,  and  the  results  are  given  in  the  following  Table. 

The  fibres  are  of  good  length  in  staple,  averaging  between  six  and 
seven  feet. 
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•'crophiitli'.s 

11-7 

13  .3 

18-0 

13-8 

2-7 

40*0     t  •  *  >x 

2-5-4-0 

Hibiscus  SaMarirfa  . 

11-fi 

O-o 

12-7 

20-4 

17-0 

1-2 

:U<>     72-1     1-6-3-4 

Externally  the  fibre  of  Hibi*>'us  Sabdariffa  seems,  upon  simple  inspec- 
tion, to  be  the  best ;  it  is  bright  and  glossy,  and  very  like  a  good  sample  of 
jute,  Hibiscus  heterophyUtu  being  darker  in  colour  and  more  reticulated. 
Chemical  examination,  however,  reveals  the  fact  that  Hibitcu*  hetero- 
phyllus  yields  the  liest  fibre  of  the  two.  Its  ultimate  fibres  are  longer,  it 
suffers  less  from  the  hyclrolytic  processes,  and  contains  a  larger  amount 
of  cellulose. 

The  information  as  to  the  precise  conditions  of  growth  and  prepara- 
tion of  the  samples  is  somewhat  deficient,  but  there  is  no  question  as  to 
the  valuable  nature  of  both  fibres. 
1895. 


FIBRES   (BRITISH   CENTRAL   AFRICA  . 

Chinyanji  (Chimakuti)  Fibre  from  the  Rao  District,  forwarded 
by  H,M,  Deputy-Commissioner  and  Consul. 

This  fibre  was  not  received  in  a  state  satisfactory  for  chemical 
examination  or  commercial  valuation.  It  had  been  imperfectly  cleaned 
and  bleached,  the  fibre  being  yellow  and  harsh.  Before  chemical 
examination  it  was  rubbed  in  order  to  remove  a  considerable  quantity 
of  cuticle  attached  to  the  fibre.  The  results  tabulated  below  show  that 
the  substance  is  a  lignocellulose  resembling  ordinary  bast  fibre.  In  its 
present  condition  it  may  perhaps  be  compared  with  jute,  but  there  is 
no  doubt  that  the  fibre  is  more  valuable  than  would  appear  from  the 
numbers  recorded,  since  it  is  obvious  that  its  preparation  has  been  very 
defectively  managed.  For  the  sake  of  comparison  the  results  of  a 
chemical  examination  of  a  medium  quality  of  juto  are  tabulated  side 
by  side  with  those  of  the  African  fibre. 

I.  H 
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British  Central  Medium  qimlity 
African  Fibre.  Jute. 

Moisture  .         .         .     12-54  per  cent.  10-4  per  cent. 

Ash          .  .         .       1-27    „      „  2-8    „      „ 

Loss  on  (a)  Hydrolysis     .     16*08    ,,      „  11-6    ,,      ,, 

Loss  on  (b)  Hydrolysis      .     20-SG    „      „  17-5    ,,      „ 

Loss  on  Mercerisation      .      12-29    „      „  10-0    „      ,, 
Loss  on  Acid  Purification       4'35    „      ,,  1-3    ,,      „ 

Gain  on  Nitration    .         .     27*10    „      „  35*7    „      „ 

Cellulose.         .         .         .     71-40    „      „  70'0    „      „ 

Length  of  staple       .         .     5  feet  6  feet. 

Length  of  ultimate  fibre  .     1-5-3  m.m.  1-5-3  m.m. 

The  fibre  has  been  submitted  to  a  well-known  fibre  expert  and 
broker,  who  reports  that  it  is  somewhat  similar  to  Manilla  hemp,  rather 
finer  in  diameter,  but  when  properly  prepared  suitable  for  the  same 
purposes.  The  fibre  in  its  present  rough  condition  would  fetch  about 
£15  per  ton  ;  if  properly  prepared  it  would  fetch  at  least  double  this 
sum  at  the  present  time,  when  Manilla  hemp  is  scarce  and  commands 
much  higher  prices  than  usual. 

In  view  of  these  promising  results  it  is  recommended  that  a  further 
and  larger  supply  of  the  fibre,  more  caref  ully  prepared,  should  be  sent 
for  examination  and  valuation  in  this  Department.  In  order  to  indi- 
cate how  the  fibre  should  be  treated  a  memorandum  is  enclosed 
showing  how  similar  fibres  are  usually  prepared,  especially  in  India, 
and  a  sample  of  Indian  jute,  after  retting,  is  also  sent  to  show  the 
condition  in  which  this  material  is  exported  from  India.  Appended 
to  this  memorandum  is  a  list  of  works  which  will  be  found  useful  for 
reference  if  it  is  thought  worth  while  to  proceed  further. 

June,  1900. 

Memorandum  on  the  Extraction  of  Bast  Fibres  with  special 
reference  to  --Chinyanji." 

Examination  of  the  fibre  as  received  indicates  that  it  has  been 
prepared  by  a  method  similar  to  that  common  in  India  for  the  pre- 
paration of  jute.  As  the  fibre,  in  this  sample,  is  not  entirely  satisfactory 
(it  appears  to  have  been  insufficiently  retted),  the  following  condensed 
account  of  the  jute  process  may  serve  for  future  improvement. 

Separation  of  Jute  fibre  by  retting. 

The  fibre  is  separated  from  the  stems  by  a  process  of  retting  in  pools 
of  stagnant  water  or  sometimes  in  running  water.  In  some  districts, 
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the  crop  is  stacked  in  bundles  for  two  or  three  days,  till  the  leaves  drop 
off,  as  these  are  said  to  discolour  the  fibre  ;  in  others,  the  bundles  are 
carried  off  and  thrown  at  once  into  the  water.  The  bundles  are  sub- 
merged by  .sods  and  mud  placed  on  them.  There  is  some  ground  for 
thinking  that  if  the  removal  of  the  leaves  by  stacking  does  not  pre- 
vent discoloration  of  the  fibre,  the  fibre  itself  is  benefited  indirectly, 
since  it  separates  more  readily  from  the  stems,  and  is  thereby  saved 
from  the  danger  of  rotting  by  over-steeping.  The  period  of  retting 
depends  on  the  nature  of  the  water,  the  kind  of  fibre,  and  the  condition  of 
the  atmosphere.  It  varies  from  2  to  25  days.  The  operator  has  there- 
fore to  visit  the  pool  or  tank  daily  and  ascertain,  by  means  of  his  nail, 
if  the  fibre  has  begun  to  separate  from  the  stem.  This  period  must  not 
be  exceeded,  or  the  fibre  rots  and  becomes  valueless.  When  the  proper 
stage  has  been  reached,  the  retting  is  rapidly  completed.  The  cultivator, 
standing  up  to  the  waist  in  the  foetid  water,  proceeds  to  remove  small 
portions  of  the  bark  from  the  end  near  the  roots,  and  grasping  them 
together  he  strips  off  the  whole,  with  a  little  management,  from  end  to 
end,  without  breaking  either  stem  or  fibre.  Having  thus  treated  a 
certain  quantity  he  proceeds  to  wash  off.  This  he  does  by  taking  a 
large  handful  of  the  fibre,  swinging  it  round  his  head,  and  dashing  it 
repeatedly  against  the  surface  of  the  water,  drawing  it  towards  him  so  as 
to  wash  off  the  disengaged  particles  ;  then  he  dexterously  fans  it  out  on 
the  surface  of  the  water  and  picks  off  all  remaining  black  spots.  The 
fibre  is  generally  washed  in  the  water  in  which  it  has  been  steeped,  but 
the  cleaner  the  water  and  more  frequent  the  washings,  the  cleaner  and 
whiter  the  fibre  becomes.  It  is  wrung  out  and  hung  on  lines  to  dry 
in  the  sun  for  one  to  five  days  :  being  sometimes  exposed  to  sun  and 
shade  alternately  for  a  few  days.  When  dry  the  fibre  is  made  into 
hanks. 

The  above  method  is  one  of  great  simplicity  and  possible  almost  any- 
where (if  the  nature  of  the  plant  permits  it,  i.e.  if  not  very  branched). 
The  chief  European  fibres  (bast),  i.  e.  flax  or  hemp,  go  through  the 
following  processes  : — 

(1)  Stocking,  i.  e.  stacking  in  bundles  to  partially  dry. 

(2)  Retting,  either — 

(«)  "Water-retting  in  pits  or  very  sluggish  streams.     This  is  most 

usual. 
(6)  Dew-retting,  i.  e.  exposure  to  dew  and  occasional  showers  for 

a  period  of  about  six  weeks.     This  method  is  used  largely 

for  hemp, 
(c)  Snow-retting,  practised  in  Russia  and  Sweden. 

(3)  Grassing  and  drying.     After  water-retting,  hemp  is  removed  to 
a  clean  field  of  grass,  where  it  is  spread  out  evenly  and  allowed  to  lie 
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for  three  weeks  or  more  to  bleach  and  to  enable  the  fibre  to  free  itself. 
During  this  time  it  is  turned  over  with  long  light  poles  every  three  or 
four  days.  The  process  is  considered  complete  when  pink  spots  begin 
to  appear  on  the  stems.  Drying  is  effected  by  exposure  on  walls  and 
rocky  ground.  The  dry  stems  are  again  tied  in  bundles  and  carried  to 
a  barn  or  rick. 

(4)  Breaking  and  scutching.  In  this  process  the  woody  stem  or 
"  boon  "  is  cracked  and  broken  up.  The  machinery  used  ranges  from 
the  simplest  mechanical  shearing  devices  to  elaborate  rolling  machines. 
The  broken  wood  is  shaken  out  as  far  as  possible  and  the  fibre  then 
beaten  by  rotating  wooden  paddles  to  remove  the  remainder 
(scutching). 

Thus  whilst  in  the  case  of  jute  the  natives  remove  the  bast  layer 
from  the  woody  stem,  in  the  case  of  flax  and  hemp  the  wood  is 
broken  up  and  removed  from  the  fibre.  The  former  method  may  pro- 
bably serve  for  the  preparation  of  small  samples  (a  few  Ib.)  of  the  fibre 
in  question  if  the  plant  grows  fairly  straight  and  unbranched. 

References  to  Literature. 

(1)  fipon's  Encyclopaedia.     Art. :  Fibrous  Substances.     Vol.  i.     Sub- 
headings :  Corchorus  (jute),  Linum  (flax),  Cannabis  (hemp). 

(2)  Watt's   Dictionary    of   Economic    Products    of   India.       Art.  : 
Corchorus.     Vol.  ii.  p.  550. 

(3)  Kew  Bulletin,  Additional  Series  II.:  Vegetable  Fibres. 

(4)  Catalogue  of  \iseful  Filter  Plants  of  the  World,  by  C.  R.  Dodge. 
U.S.  Dept.  of  Agric.,  Washington;  Office  of  Fiber  Investigations. 

(5)  "  Report   on  Flax    Culture  for  Seed  and  Fiber  in  Europe  and 
America"  (No.  10).     U.S.  Dept.  of  Agric.,  Washington. 

(G)  "  Report  on  the  Cultivation  of  Hemp  and  Jute  "  (No.  8).     Ibid. 
Sample  herewith  of  Indian  jute,  showing  it  stripped  as  a  cylinder. 
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Agave  rigida  (Sisal  Hemp), 

The  sample  has  been  submitted  to  chemical  examination  and  has 
furnished  the  following  figures,  the  results  of  the  examination  of  an 
average  sample  of  Bahamas  Sisal  fibre  being  given  for  purposes  of 
comparison. 
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Trinidad  Bahamas  Si.-al 

Sisal.  (for  comparison  . 

Moisture      .         .  .  percent.  11 '6  !_•> 

(a)  Hydrolysis,  loss  .  „  „  11  '7  12-0 

(6)  Hydrolysis,  loss  .  .,  „  13-5  16-1 

Mercerising,  loss .  „  „  8-9  134 

Gain  by  Nitration  .  „  „  32-9  29'7 

Acid  Purification,  loss .  „  ,,  I'O  8*1 

CeUulose      .         .  .  „  „  77-2  75 -9 

Ash     .         .         .  .  „  „  1-0  4-4 

The  above  numbers   indicate  that  the  sample  of  Trinidad  fibre  is 
distinctly  superior  to  the  Bahamas  sample. 

The  expert,  who  has  examined  the  fibre,  pronounces  it  in  no  way 
inferior  to   the   Bahamas  Sisal,   and  this    opinion  was    confirmed    by 
experienced  buyers  to  whom  the  sample  has  been  shown. 
1895. 


FIBRES   (ST.  VINCENT . 

Acrocomia  sclerocarpa  (Groo-groo). 

A  small  sample  of  this  fibre  has  been  received,  prepared  by  Mr. 
Powell,  Curator  of  the  Botanical  Gardens  of  the  Colony.  It  is 
extracted  from  the  leaf-stalks  of  the  groo-groo  palm  (Acrocomia 
fdcrocarpa),  which  occurs  in  abundance  on  the  leeward  side  of  the 
island,  from  the  sea  level  to  about  800  feet  above.  Mr.  Powell  states 
that  a  mature  groo-groo  pahn  has  about  23  fronds  or  branches  suitable 
for  \-ielding  fibre,  each  frond  having  about  216  leaf-stalks.  The  fibre 
cannot  be  extracted  by  scraping  with  a  blunt  instrument,  as  in  the 
case  of  Agave,  Furcreea,  Yucca  and  other  fibre-yielding  plants,  but 
is  obtained  by  the  following  course  of  proceeding  :  "  the  apex  end  of 
the  leaf-stalk  is  usually  held  in  the  left  hand,  and  sufficient  of  the  leaf 
is  doubled  back  so  that  the  operator  can  grasp  the  doubled-back  portion 
with  the  thumb  and  forefinger  of  the  right  hand,  when  by  a  sharp 
pull  the  cuticle  is  removed,  leaving  the  greater  portion  of  the  fibre 
still  adhering  to  the  end  of  the  leaf." 

The  groo-groo  fibre  is  distinct  from  that  known  as  gri-gri,  which  is 
also  a  product  of  St.  Vincent.  The  latter  (gri-yri)  is  likewise  obtained 
from  a  palm  (Aiphanes  sp.),  less  common  than  the  groo-groo  :  the  fibre 


102  TECHNICAL  REPORTS. 

is  considered  superior,  and  is  used  largely  by  the  natives  for  making 
fishing-lines  and  other  tackle. 

The  groo-groo  fibre  has  been  examined  chemically  by  Messrs.  Cross 
and  Be  van,  who  report  that  its  structural  features  are  in  many  respects 
exceptional  amongst  the  monocotyledonons  class.  Although  the  ultimate 
fibre  is  short,  1-3  m.m.,  it  is  compacted  into  bundles  with  remarkable 
regularity,  giving  very  uniform  "filaments,"  while  most  of  the  fibro- 
vascular  bundles  of  this  group,  e.  <j.  Phormium,  are  extremely  coarse 
and  irregular,  and  only  of  use  for  the  coarsest  kind  of  spinning.  The 
filaments  of  the  groo-groo  are  so  uniform  that  they  may  probably  be 
spun  on  "  line  "  machinery  to  fine  numbers. 

The  chemical  features  of  the  fibre  also  favour  its  use  for  textiles.  The 
crude  unwashed  fibre,  when  boiled  six  hours  in  1  per  cent,  solution  of 
sodium  sulphite,  lost  14  per  cent,  in  weight ;  by  boiling  for  30  minutes 
in  a  1  per  cent,  caustic  soda  solution,  the  further  loss  was  only  9  per 
cent. ;  moreover,  the  filaments  were  neither  "  haired  "  nor  disintegrated. 
The  results  of  nitration  of  the  sulphite-boiled  fibre  showed  that  it 
consisted  of  a  resistant  cellulose,  and  that  the  fibres  themselves  are  not 
lignified. 

The  fibre  expert  reports  of  the  groo-groo  fibre  that  it  is  fine,  but 
harsh,  of  long  staple,  wanting  in  lustre ;  that  it  may  perhaps  be 
improved  by  proper  manipulation,  and,  if  more  supple,  would  spin  into 
fine  numbers  for  textile  uses. 

To  compete  successfully  with  other  fine  fibres  its  cost  should  be  from 
.£30  to  £35  per  ton,  in  the  first  instance ;  if  found  suitable  for  fine 
spinning  it  would  in  time  realise  much  higher  prices. 

The  foregoing  reports  were  on  roughly-prepared  samples.  The  fibre 
does  not  seem  hitherto  to  have  been  exported  in  any  quantity,  and 
appears  to  be  but  little  known  in  commerce. 

December,  1894. 


FIBRES  (GRENADA). 
Agave  rigida,  Sansevieria  zeylanica  and  Furcraea  gigantea. 

These  fibres,  obtained  from  the  collections  of  the  Grenada  section  in 
the  Imperial  Institute,  have  been  submitted  to  chemical  examination. 
It  would  appear  from  the  results  which  they  have  furnished,  that  the 
soil  of  Grenada  is  very  suitable  for  the  growth  of  fibre-yielding  mono- 
cotyledons, as  the  fibres  have  proved  to  be  at  least  as  satisfactory  as 
those  grown  in  other  countries. 


FIBRES. 
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The  fibre  of  Agave  rigida  has  a  staple  of  about  4  feet  in  length;  it 
K  rather  harsh  and  coarse.  Analyses  of  the  same  description  of  fibre, 
grown  in  Victoria  and  in  the  Bahamas,  are  given  on  p.  90.  A  com- 
parison of  the  present  analysis  with  the  results  furnished  by  the 
Bahamas  sample,  which  was  found  to  be  of  excellent  quality,  shows 
that  the  Grenada  sample  is  superior  to  the  latter.  The  lengths  of  the 
ultimate  fibres  are  very  satisfactory,  and  the  large  proportion  of  long 
fibre  is  specially  noticeable. 

The  fibre  of  '.a  z<:-ylani.<:<.i.  has  a  length  of  staple  of  about 

3  feet.  A  report  upon  a  sample  of  this  fibre  grown  in  Assam  is  given  on 
p.  72.  The  Grenada  sample,  although  of  somewhat  inferior  quality, 
would  nevertheless  take  a  high  place  among  monocotyledonous  fibres. 

Furcrcea  gigantea. — This  sample  is  a  fine  soft  fibre  of  good  colour, 
with  a  length  of  staple  of  about  4  feet.  According  to  Dr.  Morris1 
this  fibre  is  also  known  as  Mauritius  hemp,  and  is  probably  identical 
with  Mauritius  aloe,  of  which  the  Institute  collections  contain  a 
considerable  quantity.  Mauritius  hemp,  wlrish  is  grown  on  the 
abandoned  sugar  estates,  is  now  an  important  item  of  export,  and  has 
also  been  largely  planted  in  the  Leeward  Islands. 

The  results  obtained  correspond  closely  with  those  furnished  by  the 
analysis  of  a  sample  grown  experimentally  in  Victoria  (see  p.  90),  but 
the  present  specimen  is  better,  owing  to  the  greater  length  of  the 
ultimate  fibres. 

A  sample  of  Mauritius  aloe  has  also  been  analysed,  and  the  results 
are  recorded  here  for  comparison.  It  will  be  seen  that,  for  the  most 
part,  they  closely  correspond  with  those  furnished  by  Fat\-r<i:a  gigantea. 
'.ber,  1896. 

1  "Commercial    Fibres,"   Cantor    Lectures,   by   Dr.    Morris,   Society  of  Arts 
•I,  Vol.  xliii.  p.  922. 
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FIBRES   (CANADA). 

Melilotus  alba  (Sweet  Clover),  received  from  the  Minister  of 
Agriculture,  Ottawa. 

The  sample  as  received  had  been  somewhat  roughly  prepared ;  it 
had  not  been  cleaned  and  apparently  had  not  been  treated  by  the 
retting  process  (consisting  in  steeping  the  fibre  in*  water  for  some  time) 
which  is  usually  carried  out  in  preparing  a  fibre  for  commercial 
purposes. 

As  received,  it  was  submitted  to  a  complete  examination,  but  the 
results  were  not  wholly  satisfactory,  chiefly  owing  to  the  method  of 
preparation  and  especially  to  the  absence  of  retting.  Since,  however, 
the  fibre  appeared  to  be  strong  and  particularly  satisfactory  in  its 
length  (6  to  21  m.m.),  a  rough  approximation  to  the  process  of  retting 
was  conducted  in  the  Laboratory,  the  fibre  as  received  being  soaked  in 
water  for  a  week  at  a  temperature  of  about  18°  C.  After  this  it  was 
dried,  recombed,  and  hackled.  The  fibre  now  showed  very  much 
better  results  when  submitted  to  our  usual  examination,  and  it  appears 
very  probable  that  if  properly  treated  it  might  be  worth  while  to  put 
this  product  on  the  market,  as  it  appears,  from  the  letter  addressed  to 
the  Minister  of  Agriculture  by  Mr.  E.  Kenny  of  the  settlement  of  St. 
Vincent  de  Paul,  that  the  plant  is  very  abundant,  in  fact  almost  a 
weed,  in  some  districts  of  the  Province  of  Quebec. 

It  is  therefore  suggested  that  information  should  be  obtained  as  to 
the  proper  method  of  treating  the  fibre  in  the  manner  alluded  to,  and 
that  other  samples  so  treated  should  then  be  submitted  to  this  Depart- 
ment. They  shall  then  be  chemically  examined  and  commercial 
valuations  obtained  from  our  expert  referee  on  this  subject. 

Results  of  Analysis  of  Melilotus  n\bu  fibre. 

Moisture      .         .         .         .         .         .  9-8  per  cent. 

Cellulose       .......  66-1         ,, 

Loss  on  (a)  Hydrolysis           .          .          .  21 '6         „ 

„       (b)          „                                               .  31-0        „ 

,,       Mercerising     .         .         .         .         .  19'6        ,, 

,,        Acid  Purification     ....  8'3         ,, 

Gain  on  Nitration         .....  12'9         ,, 

Ash 2-7 

Length  of  ultimate  fibre        ....  6-21  m.m. 
June,  1899. 


FIBRE>.  105 


FIBRES   (SIERRA   LEONE  . 

Sansevieria  guineensis,  Furcraea  cubensis,  Elaeis  guineensis, 

Hibiscus  fibre  (Abutilon  periplocifolium  ?),  and  varieties 

of  Plantain  fibre,  received  from  the  Government 

of  Sierra  Leone. 

These  samples  of  fibre,  which  evidently  had  been  roughly  prepared, 
were  accompanied  by  the  following  descriptions  given  by  the  Botanical 
and  Agricultural  Department  of  Sierra  Leone  : — 

Xo.  1.  Sansevieria  guineensis.  This  fibre  was  obtained  from  120 
leaves  of  ordinary  size  gathered  from  the  bush. 

The  leaves  were  tied  into  a  bundle  and  thrown  into  a  tank  of  water, 
remaining  there  until  the  fleshy  portion  was  partly  decomposed. 

The  leaves  were  then  beaten  between  two  stones  and  washed ; 
afterwards  being  dried  in  the  sun. 

Not  used  nor  extracted  by  the  natives. 

X».  2.  Furcrcea  cubensis.  Fibre  from  37  leaves,  treated  similarly 
to  Xo.  1. 

No.  3.  Hibiscus  Fibre  (native  name).  The  plant  yielding  this  is 
a  medium-sized  shrub  (Abutilon  periplocifolium  1). 

Sticks  are  cut  about  8  feet  in  length.  The  outer  bark  is  taken 
off  carefully,  so  as  not  to  injure  the  fibrous  layer  beneath. 

The  sticks  are  then  dried  in  the  sun  for  four  or  five  days,  after 
which  they  are  soaked  for  eight  or  nine. 

The  fibrous  layer  can  then  be  stripped  off  readily. 

The  natives  use  it  for  rope-making. 

X".  4.  Plantain  (  native)  Fibre,  ^fux<|  "  $(i(ii<-f>tutn,"  var. paradisiaca. 
The  fibre  has  been  obtained  from  a  single  growth  after  fruiting. 

Soaked  in  water  for  several  days  and  then  Ijeaten. 

X".  '>.  Lang  Banaiui  (native)  Fibre.  This  also  has  been  obtained 
from  one  growth  only,  treated  similarly  to  Xo.  4. 

Xu.  6.  Short  Silver  Banana  (native)  Fibre.  The  same  method  was 
followed  with  this  as  with  Xo>.  4  and  5. 

From  one  growth  only. 

None  of  the  banana  fibres  are  in  use  here. 

Xo.  7.  Elu.is  guineensis.  This  fibre  is  obtained  by  hand  from 
the  leaflets  of  the  oil  palm.  The  natives  collect  this  fibre  for  making 
fishing-lines  and  deer-traps. 

In  the  first  instance  representative  specimens  of  the  fibres  combed 
out  from  the  rough  samples  were  submitted  to  complete  chemical 
examination.  The  original  samples,  together  with  the  selected  combed 
specimens  and  the  results  of  the  chemical  examination,  and  also  special 
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remarks  on  the  characters  of  the  fibres,  were  then  sent  to  two  well- 
known  firms  of  fibre  brokers,  who  have  been  good  enough  to  report  on 
their  commercial  value. 


Chemical  and  Technical  Examination. 
On  chemical  examination  the  fibres  have  given  the  following  results  : — 
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1.  Sansevieria  guineemis  . 

10-6 

0-4 

8-9 

13-9 

1-8 

8-6 

29-6 

78-0 

1-5-5 

2.  Furcrosa  cubensis  . 

9-8 

0-8 

13-5 

19-1 

4-1 

12-0 

29-1 

75-3 

1-5-4 

3.  Hibiscus  Fibre  (Abutilon 

pcriplocifolium  9) 

12-3 

0-5 

8-5 

10-9 

0-4 

6-7 

28-1 

75-2 

1-8-3 

iV    s 

4.  Plantain  Fibre 

9-1 

1-12 

13-9 

22-9 

2  -2 

16-8 

23-9 

68-9 

1-2-3 

A  i 

5.  Long  Banana 

10-3 

1-7 

17-6 

32  -2 

1-1 

8-7 

34-9 

65-6 

1-3-3-6 

A  i 

6.  Silver  Banana 

10-0 

1-9 

18-6 

26  '5 

2-1 

9-8 

31-2 

63-2 

1-3 

-V-i 

7.  Elccis  guincensis 

10-9 

2-2 

9-4 

13-8 

1-7 

7  '2 

32-1 

81-5 

1-5-4 

1  -—  t 

The  following  remarks  may  be  made  on  the  characteristics  of  these 
fibres  :• — 

1.  The  fibre  of  Sansevieria  yuineensis  is  white  and  of  considerable 
strength.     This   material    appears  to    be    identical  with    that   known 
commercially  as  "African  Bowstring  Hemp,"  which  has  been  stated 
to  be  of  special  value   for  rope-making,  having  many  of  the  qualities 
of  Manilla  hemp.     Some  years  ago  a  sample  from  Trinidad  was  valued 
at  from  £20  to  £23  per  ton.     The  Sierra  Leone  sample  is  now  valued 
by  one  firm  of  brokers  at  ,£16  per  ton,  and  by  the  second  at  about  £25 
per  ton,  it  being  pointed  out  that  a  better  sample  would  be  worth 
as  much  as  £35  per  ton.     The   present  sample  includes  some   fibres 
which  are  very  weak  and  of  little  value  owing  to  improper  preparation. 

2.  Furcrcea  cubensis.     This  is  a  long  white  fibre  and  not  so  strong 
as  the  preceding.     It  has  been  seen  occasionally  in  commerce,  and  has 
been  mistaken  for  true  Sisal  Hemp,  which  it  closely  resembles.     On  a 
previous  occasion  a  sample  from  Jamaica  was  valued  at  £28  per  ton. 
The  Sierra  Leone  sample  is  valued  by  one  firm  of   brokers   at   £13 
per  ton,  and  by  the  other  at  £15.     The  sample  has  been  badly  prepared 
and  the  fibre  is  probably  not  seen  at  its  best. 

3.  Hibiscus  Fibre.     This  is  a  strong  fibre  of  a  pale  yellow  colour. 
The  sample  sent  was  in  long  bands  or  ribbons.     The  bark  of  Abutilon 
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is  known  to  furnish  a  bast  fibre  of  good  quality  which  is 
comparatively  easy  to  prepare.  It  has  been  considered  by  some  that 
this  fibre  might  compete  with  jute.  A  sample  from  Trinidad  has  been 
valued  at  from  £17  to  £20  per  ton.  The  present  sample  is  compared 
by  one  firm  with  medium  jute,  probably  worth  from  £13  to  £14  per 
ton.  The  other  valuation  is,  however,  much  lower,  only  £4  per  ton. 
It  is  to  be  remembered  that  this  sample  is  badly  prepared,  and  therefore 
compares  unfavourably  even  with  jute  of  medium  quality. 

4,  5,  and  6.  The  fibres  numbered  4,  5,  and  6  are  Plantain  or  Banana 
fibres  derived  from  Musa  paradisiaca  or  Jtfusa  sapientum.  The  samples 
are  very  poor,  being  brittle  and  unfit  to  work.  Even  when  properly 
prepared  Plantain  fibre  is  known  to  be  of  small  value  except  for  certain 
purposes,  as  the  manufacture  of  cordage  and  canvas,  or  of  special 
fabrics,  but  in  general  it  is  deficient  in  strength.  Usually  its  value 
has  been  put  at  from  £12  to  .£15  per  ton.  The  brokers  report  that 
the  present  samples  are  of  no  value,  being  brittle  and  generally  poor  in 
quality,  an  opinion  which  is  borne  out  by  the  results  of  their  chemical 
examination.  In  particular  the  percentage  of  cellulose  is  low  and  the 
loss  on  hydrolysis  much  greater  than  is  shown  by  the  best  fibres. 
Even  allowing  for  the  deficiency  arising  from  imperfect  preparation, 
it  is  very  unlikely  that  any  but  local  uses  could  be  found  for  fibres 
of  this  class. 

7.  Elais  fjuineensis.  This  is  the  most  interesting  of  the  group  of 
fibres  sent  from  Sierra  Leone.  It  is  a  very  strong  fibre  of  fine  appear- 
ance, of  great  length  and  remarkable  also  for  its  pale  greenish-yellow 
colour.  The  results  of  its  chemical  examination  are  most  satisfactory 
and  prove  it  to  be  a  fibre  of  the  first  class.  This  fibre  has,  from  time 
to  time,  appeared  on  the  market,  but  it  has  been  hitherto  concluded 
that  the  cost  of  production  is  so  great  as  to  make  it  impossible  to 
prepare  it  in  quantity  at  any  but  a  prohibitive  price,  even  with  the 
advantage  of  native  labour.  There  can  be  no  doubt  that  if  a  cheap 
method  of  separating  the  fibre  from  the  leaves  could  be  devised  and 
worked  in  the  Colony,  the  fibre  would  be  well  worth  exporting.  So 
far  as  can  be  ascertained,  the  only  use  to  which  it  has  been  put  up  to 
the  present  time  is  for  the  local  manufacture  of  fishing-lines  and  fine 
cordage.  The  present  sample  is  valued  by  one  firm  of  brokers  at  ,£25 
per  ton  :  the  other  firm  reports  that  "  this  fibre  is  frequently  sampled, 
but  never  comes  in  sufficient  quantity  to  bring  reliable  quotations.  If 
sent  in  moderate  quantities,  say  a  ton  or  two  at  a  time,  and  a  certainty 
of  getting  a  constant  supply,  probably  a  market  could  be  found  for  it 
at  £50  per  ton  and  upwards.  Oddments  would  sell  at  much  less,  as  no 
manufacturers  would  take  up  a  new  material  at  its  full  value  before 
regular  supplies  can  be  assured." 
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It  is  hoped  that  the  information  contained  in  this  report  as  to  the 
quality  and  commercial  value  of  these  fibres  may  be  of  service  to  the 
authorities  in  Sierra  Leone,  and  enable  them  to  decide  what  steps  it  is 
desirable  to  take  with  the  view  of  developing  the  production  of  these 
materials.  It  will  be  important  in  any  case  to  pay  particular  attention 
to  the  preparation  of  the  fibres  and  to  follow  as  far  as  possible  the 
methods  at  present  in  vogue  in  other  countries. 

This  Department  will  be  prepared  to  furnish  any  further  information 
or  advice  that  may  be  required  in  connection  with  this  matter. 
May,  1902. 


FIBRES   (BRAZIL). 

Aramina  Fibre  derived  from  the  "  Carrapicho  "  plant,  forwarded 
by  Consul-General  Rhind  through  the  Foreign  Office. 

This  fibre  was  referred  to  by  Consul-General  Rhind  in  his  report  on 
the  trade  of  Rio  de  Janeiro  for  the  year  1899,  under  the  name  of 
"  guaxima."  He  is  of  opinion  that  it  may  possibly  compete  with  jute 
as  a  material  for  the  manufacture  of  sack-cloth,  the  threads  being  very 
long  and  resisting  the  action  of  water,  so  that  they  can  be  employed  by 
fishermen  in  making  nets. 

In  the  despatch  Mr.  Rhind  quotes  the  opinion  of  Dr.  Silva  Tolles,  of 
the  Sao  Paulo  Polytechnic  School,  to  the  effect  that  the  fibre,  which  is 
probably  derived  from  Urena  lobata,  is  likely  to  be  of  great  value  for 
cloth-weaving,  spinning,  and  other  purposes,  it  being  more  silky  and 
.stronger  than  jute  and  comparable  with  the  best  kinds  of  hemp.  Mr. 
Rhind  states  that  information  as  to  the  cost  of  production  and  price 
cannot  yet  be  given,  as  systematic  cultivation  is  only  in  an  experimental 
stage.  It  is,  however,  known  that  the  plant  is  easy  to  grow,  and  the 
cost  of  production  will  probably  therefore  be  very  low. 

The  sample  sent  by  Mr.  Rhind  was  almost  too  small  for  systematic 
examination.  On  this  account  the  remarks  made  in  this  report  must 
be  regarded  as  provisional,  a  decisive  opinion  as  to  the  value  of  the 
material  being  reserved  until  a  larger  quantity  has  been  examined. 

The  specimen  consisted  of  fine  silky  fibre  of  great  length  in  staple, 
having  in  general  the  characteristics  of  the  best  jute,  but  very  much 
less  lignified  and  of  good  colour.  The  results  of  its  chemical  examina- 
tion are  recorded  in  the  following  table : — 


FIBRES. 

Moisture       ......  13-38  per  cent. 

Loss  on  (a)  Hydrolysis .         .         .         .  17-69    „      „ 

Loss  on  (6)  Hydrolysis .          .          .          .  17-56    „       „ 

Loss  on  Acid  Purification      .          .  2 '5      „       „ 

Loss  on  Mercerising      ....  19 '37    ,,      „ 

Gain  on  Xitration         ....  35 -65    „       „ 

Cellulose       ......  75-73    ,,      „ 

length  of  ultimate  fibre         .          .          .  1  -5-3-5  mm. 
Length  of  staple  .         .         .         .         .6  feet. 

These  results  show  that  the  fibre  is  of  excellent  quality,  owing  to  the 
considerable  length  of  staple,  the  high  percentage  of  cellulose,  and  a 
small  loss  by  acid  purification.  The  numbers  recorded  show  consider- 
able resemblance  to  those  obtained  from  jute  of  the  best  quality. 

A  portion  of  the  sample  was  now  submitted  with  a  statement  of  the 
results  of  its  chemical  examination  to  a  well-known  firm  of  fibre  brokers, 
who  report  that  it  could  be  employed  for  the  same  purposes  as  fine 
jute.  Its  value  is  estimated  approximately  at  from  £17  to  £18  per 
ton.  The  brokers  state,  however,  that  it  is  impossible  to  give  the 
precise  value  of  the  fibre  until  a  much  larger  quantity  has  been 
examined  with  special  reference  to  its  behaviour  during  spinning,  weav- 
ing, and  other  processes  to  which  it  would  be  submitted.  They  suggest 
that  a  hundredweight  or  two  should  be  sent  in  order  that  these  further 
trials  may  be  made. 

Should  it  be  thought  desirable  to  proceed  further  in  the  matter, 
the  large  sample  should  be  sent  to  this  Department,  when '  a  small 
specimen  would  be  taken  for  complete  chemical  examination  before  it  is 
submitted  to  the  brokers  for  valuation.  Full  particulars  should  be 
furnished  of  the  price  at  which  the  fibre  could  be  delivered  in  London, 
and  of  the  supply  available. 

April,  1902. 


ESSENTIAL  AND   EDIBLE   OILS   AND   OIL-SEEDS. 
Essential  Oils  from  Dunolly,  Victoria. 

The  climate  of  Victoria,  resembling  as  it  does  that  of  Southern 
Europe,  is  particularly  well  adapted  for  the  successful  cultivation  of 
the  various  plants  yielding  essential  oils  for  use  in  the  manufacture  of 
perfumes.  In  order  to  encourage  flower  farming  in  the  Colony,  the 
Victorian  Government  some  years  ago  established  an  experimental 
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flower  farm  at  Dunolly,  and  here  the  methods  of  cultivation  of  these 
plants  have  been  studied  on  a  large  scale,  and  the  information  so 
obtained  together  with  surplus  plants  from  the  farm  have  been  placed 
at  the  disposal  of  farmers  in  the  Colony.  In  order  that  the  oils 
distilled  in  Victoria  might  be  placed  on  the  market  in  a  form  likely 
to  commend  them  to  European  buyers,  a  collection  of  the  products  of 
the  farm  was  sent  to  the  Imperial  Institute  for  examination  by  an 
expert  accustomed  to  dealing  with  the  similar  products  occurring  in 
commerce.  In  this  way  it  was  hoped  that  recommendations  for  the 
improvement  of  tht?  oils  might  be  obtained.  The  following  report 
is  the  outcome  of  this  investigation,  which  was  undertaken  for  the 
Department  by  Mr.  John  C.  Umney  of  the  firm  of  Messrs.  Wright, 
Layman  and  Umney.  It  is  clear  that  this  industry  is  one  which 
deserves  encouragement,  and  if  properly  organised  might  become  of 
considerable  commercial  importance. 

No.  1. — OIL  OF  ANISE. 

The  characters  possessed  by  this  oil  are  so  strikingly  different  from 
those  of  the  Anise  fruit  (Pimpinella  Anisum)  and  of  Star  Anise  (Illicium 
cmisaturri),  that  its  source  cannot  be  stated. 

When  a  specimen  of  the  seeds  from  which  it  was  distilled  has 
been  received  and  a  botanical  examination  of  these  made,  possibly  the 
source  can  be  determined. 

The  oil  has  a  specific  gravity  of  '914  at  15°  C.,  and  an  optical 
rotation  .of +  16°  in  a  tube  of  100  m.m.,  and  does  not  solidify  when 
cooled  to  4°  C.  and  stirred.  The  oils  of  Anise  fruit  and  Star  Anise 
have  a  specific  gravity  of  about  -980--990  at  15°  C.,  are  slightly  Isevo- 
rotatory,  and  solidify  at  about  14°  C.  The  odour  of  the  oil  examined  is 
more  suggestive  of  fennel  than  anise,  and  although  the  specific  gravities 
of  the  majority  of  oils  of  fennel  are  above  '950,  some  fall  as  low  as 
•920,  and  the  rotations  vary  from  +  7°  to  +  22°  in  a  tube  of  100  m.m. 

It  was  thought  possible  that  very  cold,  or  even  iced,  water  might 
have  been  used  for  condensation,  and  thus  the  congealing  portion  of 
the  oil  might  have  been  held  back  in  the  worm  of  the  condenser,  but 
this  does  not  appear  to  have  been  the  case  from  a  comparison  of  this 
oil  with  the  liquid  portion  of  anise  oil. 

In  these  circumstances  it  is  evident  that  it  is  not  possible  to  place 
any  commercial  value  on  this  oil,  in  the  form,  at  any  rate,  in  which 
it  has  been  forwarded  for  examination. 

No.  2. — OIL  OP  ABSINTHE. 

This  oil  possessed  the  dark  green  colour  usually  found  in  commercial 
samples  of  oil  of  Wormwood,  and,  after  the  removal  of  about  40  per 
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cent,  of  alcohol  with  which  it  was  mixed,  had  a  specific  gravity  of 
•939  at  K 

The  specific  gravity  lies  between  those  of  the  American  and  the 
English  oils,  which  are  usually  about  -945  to  '950  and  -925  to  '930 
respectively  at  15D  C.  The  optical  rotation  of  the  oil  could  not  be 
observed,  owing  to  its  dark  colour,  but  the  fractionation  of  it  in 
comparison  with  a  sample  of  pure  American  oil  gave  the  following 
results  : — 


pie. 

Below 

200  «  . 

200-i: 

BUT  C. 

Above 
210  C. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

Dunolly    

4 

20 

28 

48 

American          .... 

15 

1-2                    14 

59 

The  portion  boiling  from  200-205"  C.,  which  consisted  principally 
of  thujone,  is  slightly  higher  in  this  than  in  the  American  oil,  but  the 
oils  are  very  similar  in  other  respects. 

Although  oil  of  Absinthe  is  not  much  used  in  this  country,  a  con- 
siderable demand  for  it  exists  on  the  continent  of  Europe  and  else- 
where, for  the  manufacture  of  liqueurs,  etc.,  but  it  is  very  doubtful 
whether  competition  with  the  American  and  other  oils  could  be 
successfully  undertaken. 

The  present  value  of  this  oil  from  different  countries  is  as  under — 


American  Wormwood  Oil 
French  „  „ 

German 


12s.  per  Ib. 
20s.       „ 
30s. 


No.  3. — OIL  OF  BORONIA  POLYGALIFOLIA. 

The  oil  of  this,  or  of  some  other  species  of  Boronia  (Butaceai),  has 
been  used  in  this  country  for  perfumery  purposes,  but  no  record  exists 
of  any  detailed  examination  of  it. 

This  specimen,  derived  from  E.  polygalifolia,  possesses  a  sweet  smell 
resembling  tarragon,  with  a  slight  after-smell  of  rue.  It  was  almost 
colourlesss  and  had  a  specific  gravity  of  -839  and  an  optical  rotation 
of  4- 10°  in  a  tube  of  100  m.m.  The  following  proportions  were  obtained 
by  fractionation : — 


150  to  170°  C. 
170  to  180;  C. 


31  per  cent. 
38 


180  to  190°  C. 
Above  190°  C. 


15  per  cent. 
16 


The  ketone,  which  is  characteristic  of,  and  usually  present  to  the 
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extent  of  70  to  90  per  cent,  in  rue  oil,  and  boils  at  225°  C.,  there- 
fore does  not  exist  in  any  quantity  in  this  oil,  and  no  crystalline 
compound  could  be  obtained  from  the  highest  fraction  of  the  oil  by 
treatment  with  solution  of  sodium  bisulphite.  It  would  be  interesting 
to  carry  out  a  complete  chemical  examination  of  the  oil,  as  it  could 
be  largely  employed  for  perfumery  purposes,  its  smell  being  decidedly 
agreeable,  and  capable  of  improvement  by  judicious  blending. 

No.  4. — OIL  OF  EUCALYPTUS  CITRIODORA. 

The  specimen  possessed  the  powerful  citronella  odour  characteristic 
of  this  particular  variety  of  Eucalyptus  oil,  for  which  the  use  in  this 
country  has  fallen  far  below  general  expectations. 

It  had  a  specific  gravity  at  15°  C.  of  -8809,  and  an  optical  rotation 
of  -  1°  in  a  tube  of  100  m.m. 

Fractionation  yielded  the  following  percentages  : — 

190-200°  C 76  per  cent. 

210-219°  C 12       „ 

Residue         .         .         .         .         .         .         12       „ 

The  aldehyde  citronellal,  to  which  the  odour  of  the  oil  is  due,  was 
estimated  by  sodium  bisulphite,  and  found  to  be  present  to  the 
extent  of  90  per  cent.  The  oil  showed  no  trace  of  eucalyptol  by  the 
phosphoric  acid  test. 

This  oil  may  be  classed  as  of  fine  quality,  but  it  has  no  medicinal 
value,  and  doubtless  it  cannot  be  produced,  for  soap  and  perfumery 
purposes,  to  compete  with  citronella  oil,  which  it  so  closely  resembles. 
It  must  be  noted,  however,  that  citronella  oil  contains,  in  addition 
to  the  aldehyde  citronellal,  a  considerable  percentage  of  geraniol,  which 
modifies  the  odour  of  the  oil. 

The  present  market  value  of  pure  citronella  oil  (not  easily  obtainable) 
is  3s.  per  lb.,  but  it  has  been  sold  at  half  this  price  when  the  supplies 
in  the  port  of  London  have  been  abnormally  heavy.  The  fluctuations 
in  eucalyptus  oils  (including  var.  citriodora')  have  been  considerable. 
At  the  present  time  it  is  probable  that  sales  could  only  be  made  with 
great  difficulty  at  Is.  Gd.  per  lb. 

Nos.  5,  6,  and  7. — ESSENCES  OP  JONQUILLE,  MILLEPLEURS,  AND 

TUBEROSE. 

These  particular  samples  of  essences  are  of  no  value  whatever  for 
perfumery  purposes,  as  their  degree  of  concentration  is  insufficient,  and 
the  spirit  with  which  they  are  prepared  is  not  odourless  enough  for 
such  delicate  uses. 
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Xu  fat  could  be  separated  from  them  by  freezing,  and  it  is  doubtful, 
therefore,  whether  they  have  been  prepared  by  the  visual  method,  viz. 
by  alcoholic  extraction  from  pomades,  as  made  by  "enfleurage"  in 
Grasse  (France)  and  elsewhere.  The  aroma  of  the  Jonquille  is 
decidedly  good,  and  the  Tuberose  fair  ;  the  Millefleurs  essence  is,  how- 
ever, quite  spoiled  by  the  presence  of  sage  or  absinthe,  which  masks  the 
other  more  pleasant  odours. 

It  would  be  well  to  prepare,  by  the  enfleurage  process,  with  the 
purest  fat  obtainable,  pomades  of  the  greatest  possible  saturation,  and 
to  produce,  from  these,  fresh  samples  of  essences  by  extraction  with 
the  purest  and  most  odourless  alcohol  of  90  per  cent,  strength. 


Xos.  S  and  9.— OILS  OF  ROSE  GEKAXIVM  AXD  GERANIUM  OF  AFRICA. 

These  oils  possess  so  many  characters  in  common  that  they  may  be 
conveniently  considered  together.  The  oil  of  Rose  Geranium  was  green 
in  colour  (although  no  trace  of  copper  could  be  detected) ;  it  had  a 
specific  gravity  of  '906  at  15'  C.,  and  an  optical  rotation  of  -li'25"  in  a 
tube  of  100  m.m. 

The  oil  designated  as  Geranium  of  Africa  was  yellowish-brown  in 
colour,  had  a  specific  gravity  of  "902  at  15°  C.,  and  an  optical  rotation 
of  -7'5;  in  a  tube  of  100  m.m. 

These  specific  gravities  and  optical  rotations  correspond  with  those 
of  oils  known  respectively  as  oils  of  Rose  Geranium  of  Grasse  and 

erauium  of  Africa  (Algeria),  distilled  from  species  of  Pelargonium 

Itivated  in  those  districts. 

The  amount  of  geraniol  present,  as  alcohol  and  in  the  form  of  esters, 
determined,  and  the  results  are  tabulated  below  in  comparison 
dth  commercial  oils  of  the  same  types  : — 


Sample. 

Specific  Gravity 
atl 

Optical  Rotation 
in  a  tube  of 
100  m.m. 

TVuil 
GerauiuL 

Dunollv  Rose  Geranium 
Geranium  of  Africa 
Freiich  Rose  Geranium 

•906 
•902 
•894 

-14 

-7'53 
-1C 

51-8 
&2-1 

67-1 

Algerian  Geranium        .         .         .              -S&S 

69'6 

From  these  figures  it  is  apparent  that  the  oils  show  no  great  devi- 
ation from  the  usual  types  'of  French  and  African  geranium  oils,  the 
market  values  of  which  at  the  present  time  are  for  the  Grasse  oi'. 
per  lb.,  and  for  the  Algerian  oil  about  '2'2s.  per  Ib. 

I.  i 
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No.  10. — OIL  OF  LAVENDER. 

The  specimen  contained  no  added  alcohol,  was  very  pale  yellow  in 
colour,  and  possessed  the  pungent  cineol  odour  of  English  lavender  oil, 
although  distinctly  less  pleasant  in  smell.  Its  specific  gravity  was 
very  high,  '916  at  15°  C.,  and  its  rotation  +  11°  in  a  tube  of  100  m.m. 

These  two  characters  pointed  to  the  possibility  of  the  oil  having 
been  distilled  from  an  admixture  of  "true"  and  "spike"  or  other 
lavenders,  for  whilst  pure  English  lavender  oil  distilled  from  Lavandula 
vera  has  a  rotation  of  from  -  6°  to  —  10°  and  a  specific  gravity  of  "885 
to  '900,  the  oil  of  "  spike  "  lavender  has  frequently  a  rotation  of  +  7° 
and  a  specific  gravity  as  high  as  -920,  and  the  oil  of  Lavandula  dentata 
has  an  even  higher  specific  gravity,  up  to  '940. 

The  oil  yielded  on  fractionation  the  following  percentages  : — 

Boiling  from  175-190°  C.      ....         44  per  cent. 

„     190-205°  C.      .  .         42    „      „ 

Residue        .         .         .         .         .         .         .         14    „„ 

The  proportion  of  esters  was  determined  and  found  to  be  only  5 '25 
per  cent.,  being  below  that  of  most  samples  of  English  lavender  oil, 
which  contain  from  7  to  10  per  cent. 

The  determination  of  the  alcoholic  constituents  (C10H18O)  showed 
the  presence  of  29 '75  per  cent.,  the  proportion  found  in  the  oil  of 
Lavandula  vera  being  usually  not  less  than  45  per  cent.,  whilst  in  the 
oil  of  Lavandula  npica  it  is  usually  considerably  lower. 

The  above  seems  to  throw  doubt  upon  the  species  of  lavender  from 
which  the  oil  has  been  distilled,  a  mixture  of  Lavandula  vera  and 
Lavandula  spica  seeming  possible.  The  effect  of  climate  and  soil  upon 
lavender  oil,  as  shown  in  English  and  French  oils  respectively,  may 
also  not  be  without  some  significance  in  this  case. 

The  value  of  the  oil,  based  on  the  examination  of  this  sample  only, 
is  difficult  to  estimate,  for  whilst  pure  English  lavender  oil,  distilled  at 
Mitcham  (England)  from  cultivated  and  unmixed  plants  of  Lavandula 
vera,  is  at  the  present  time,  on  account  of  great  scarcity  arising  out  of 
the  severe  winter  of  1894-5,  worth  85s.  per  lb.,  a  low  grade  of  French 
lavender  oil,  consisting  of  a  mixture  of  the  oils  of  true  and  spike 
lavender,  with  which  this  would  be  most  fitly  compared,  is  worth 
about  3s.  &d.  to  4s.  per  lb. 

No.  11. — OIL  OP  LEMON  THYME. 

This  oil  possessed  a  pale  straw  colour,  and,  after  removal  of  about 
20  per  cent,  of  added  alcohol,  had  a  specific  gravity  at  15°  C.  of  '898, 
and  an  optical  rotation  of  -  3°  in  a  tube  of  100  m.m. 
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A-  no  recorded  examination  of  this  oil  could  be  found,  a  quantity 
,i  stilled  from  fresh  lemon  thyme,  and  its  characters  were  almost 
identical  with  those  of  this  sample. 

Fractionation  of  the  oil  gave  the  following  percentages  : — 


210-220"J  C. 
220-230'  C. 
Above  -230'  C. 


28  per  cent. 


18 


The  fraction  boiling  from  210  to  220  C.  consisted  almost  entirely 
of  citral,  the  total  percentage  of  aldehyde  present  in  the  oil,  shown  by 
sodium  bisulphite,  being  21  per  cent.  The  fraction  from  220  to  230" 
C.,  treated  with  solution  of  caustic  soda,  showed  a  considerable  pro- 
portion of  phenols,  principally,  if  not  entirely,  thymol.  The  oil  is  not 
used  commercially  in  this  country  in  any  quantity,  and  its  value  is 
therefore  comparatively  small. 

No.  12. — OIL  OF  MYRTLE. 

The  botanical  source  of  this  oil  being  no  more  definite  than  is 
indicated  by  the  above  title,  considerable  doubt  existed  as  to  its  identity 
with  the  oil  distilled  in  France,  Spain,  and  Corsica  from  Jfyriug 
commn  nis.  Chemical  examination  shows,  however,  slight  similarity 
between  the  oils.  The  specific  gravity  of  the  sample  was  '926  at  153  C., 
and  its  optical  rotation  -  1'  in  a  tube  of  100  m.m.  On  fractionatiou,  2* 
per  cent,  of  non-volatile  residue  was  obtained,  which  solidified  on  cool- 
ing, and  was  found  to  consist  of  a  mixture  of  a  substance  having  the 
properties  of  caoutchouc  with  a  wax  having  a  melting  point  of  about 
4-j  C.  AYhen  this  substance  was  removed  from  the  oil,  its  specific 
gravity  was  found  to  be  -916  at  15"  C.,  and  it  was  slightly  more  Isevo- 
rotatory.  The  following  table  shows  the  results  obtained  by  comparison 
of  this  purified  oil  with  two  samples  of  French  distillation  : — 


I     Specific 

Rotation 

I'y  C. 

of  100  num.   ^ 

170-185'. 

185-200*. 

Above  200°. 

percent. 

per  cent. 

'    per  cent.        per  cent. 

Dunollv 

•916 

-     5' 

18 

9 

20 

43 

i-  ranci 

•885 

_' 

78 

16 

4 

•> 

France 

•893 

-r  24" 

56 

24 

6                14 

The  proportion  of  dextr<>;>meue  present  in  the  French  oils  is  very 
considerable,  but  the  fraction  boiling  at  from  1703  to  1853  C.,  in  all 
the  oils,  contains  cineol. 
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The  oil  has  been  used  on  the  Continent  on  account  of  this  constitu- 
ent, but  appears  to  have  been  quite  superseded  by  the  Eucalyptus  oils 
of  far  greater  cineol  content.  It  is  doubtful  whether  this  oil  can  be 
said  to  possess  any  market  value,  and  obviously  a  modified  method  of 
distillation  would  have  to  be  adopted  before  its  use  could  be  recom- 
mended. 

No.  13. — OTTO  OF  ROSE. 

The  specimen  of  Otto  of  Rose  was  free  from  alcohol,  had  a  specific 
gravity  of  -8886  at  15°  C.,  and  did  not  solidify  at  5°  C.,  although  it 
became  slightly  opaque  at  that  temperature.  The  specific  gravity  of 
Turkish  Otto  of  Rose  (distilled  in  the  Kezanlik  district  of  the  Balkans) 
is  usually  from  -865  to  '870  at  20°  C.,  and  its  temperature  of  solidification 
varies,  according  to  the  percentage  of  stearoptene  contained  in  the  oil, 
from  17°  to  20°  C. 

The  effect  of  climate  and  soil  is  very  marked  in  the  case  of  this  oil, 
the  percentage  of  stearoptene  varying  from  6  to  7  per  cent,  in  Turkish 
Otto,  to  60  per  cent,  or  more  in  English-distilled  Otto.  It  is  possible 
that  in  the  case  of  this  sample  the  stearoptene  has  been  partially 
removed  in  the  condensation  of  the  oil. 

The  specific  gravity  of  the  oil  approximated  very  closely  to  that  of 
its  liquid  constituent,  geraniol,  which  ranges  from  '882  to  '883  at  15"  C. 
More  than  75  per  cent,  of  the  oil  distils  between  215°  and  235°  C., 
and  the  proportion  of  alcohols  (geraniol)  indicated  by  the  acefcylation 
process  is  57'8  per  cent. 

The  odour  of  the  oil  is  good,  and  compares  favourably  with  Turkish 
Otto,  and  it  would  be  interesting  to  distil  a  normal  sample  of  the  oil, 
containing  stearoptene,  in  order  to  ascertain  how  it  is  affected  by 
Australian  climate  and  soil. 

The  present  value  of  Turkish  Otto  of  Rose  of  the  purest  kinds 
obtainable  is  32s.  per  English  ounce  (avoirdupois). 

No.  14. — OIL  OF  PEPPERMINT. 

The  specimen  possessed  a  pale,  greenish-yellow  colour,  and  contained 
a  considerable  quantity  of  added  alcohol.  The  specific  gravity,  after 
removal  of  the  alcohol,  was  '912  at  15°  C.,  which  is  above  that  usually 
found  for  black  and  white  English  and  Saxon  peppermint  oils. 

The  optical  rotation  was  -27°  at  15°  C.  By  fractionation  the 
following  percentages  wei*e  obtained  : — 

From  200-210°  C.         .         .     36  per  cent. 

„      210-220°  C.  .     53    „      „ 

Residue  .  .      11     ,,       ,. 
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The  amount  of  menthol  present  in  the  free  form,  and  as  esters,  was 

determined  by  the  acetylation  process,  and  found  to  be  53-9  per  cent., 

of  which  8-3  per  cent,  was  in  the  form  of  esters.     This  proportion  of 

is  somewhat  higher  than  that  usually  found  in  black  English  oil, 

and  below  that  found  in  the  white  oil. 

F«ir  the  purpose  of  comparison,  a  table  is  appended  showing  the 
principal  characters  of  this  oil,  and  those  of  typical  black  and  white 
English,  Saxon,  and  American  oiJ>  :  — 


Sample. 

Specific 
Gravity  at 
Vy  C. 

Optical  Rota- 
tion in  tube 
of  100  rn.ni. 

Menthol  in 
form  of 
eaten. 

Free 
Menthol. 

Total 
Menthol. 

per  cent. 

percent 

per  cent. 

English  (black) 

•9072 

-18-5° 

5-6 

'  ::  : 

63-1 

„       (white) 

•9058 

-33' 

13-6 

51-9 

65-5 

Dunolly 

•912 

8-3 

45-6 

53-9 

American 

-29= 

8-4 

38-0 

46-4 

Saxon     . 

•9057 

-2- 

6-1 

55-3 

61-4 

From  the  above  it  will  be  seen  that  the  oil  compares  fairly  well  with 
samples  distilled  from  the  same  species  in  other  countries. 

The  value  at  the  present  time  of  the  finest  black  Mitcham  pepper- 
mint oil  is  30s.  per  Ib.  Oil  such  as  represented  by  the  specimen 
examined  would  probably  realise  9s.  per  Ib. 


No.  15. — OIL  OF  PENNYROYAL. 

This  oil  possessed,  to  a  marked  extent,  the  odour  of  peppermint,  in 
addition  to  that  of  pennyroyal,  and  a  study  of  its  chief  chemical  and 
physical  characters  confirms  the  presence  of  the  two  oils  in  the 
specimen. 

-pecific  gravity  was  '918  at   15'  C.,  and  its  optical  rotation  only 

+  7"  in  a  tube  of  100  m.m.     The  specific  gravity  of  normal  oils  of  both 

'in  and  Hedeoma  fiuhyioides  is  not  below  -930,  and  the 

optical  rotation  is  usually  from  -f  18°  to  +  20'.     The  specific  gravity  of 

the  majority  of  peppermint  oils  rarely  exceeds  -915  at  15s  C.,  and  they 

are  usually  laevo-rotatory  to  the  extent  of  -  20"'  to  -  303.     A  comparison 

of  the  fractionation  of  this  oil  with  an  oil  distilled  from  American 

pennyroyal   (U'dtuinn   piil*yio>.rt*$)  and    English   pennyroyal   ^^fentha 

O  indicates  a  considerable  difference  between  them. 
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Sample. 

Below  210°. 

210°-220°. 

220°-223°. 

Above  223°. 

pein  cent. 

per  cent. 

per  cent. 

per  cent. 

Dunolly 

43 

34 

13 

10 

American 

4 

79 

12 

5 

English  (old)  . 

15 

37 

7 

41 

The  percentage  of  alcohol,  probably  menthol,  was  determined  and 
found  to  be  :  as  ester,  8-7  per  cent.  ;  as  free  alcohol,  27'5  per  cent., 
calculated  as  menthol  and  menthyl  acetate  respectively.  This  is  at 
least  10  to  15  per  cent,  more  than  is  yielded  by  English  and  American 
pennyroyal  oils. 

It  appears  almost  certain  from  these  results  that  the  oil  is  a  mixture 
of  pennyroyal  and  peppermint  oils,  probably  due  to  the  admixture  of 
the  herbs  prior  to  distillation.  In  these  circumstances  it  is  not  possible 
to  give  any  opinion  on  the  value  of  the  sample. 

No.  16. — OIL  OF  ROSEMARY. 

This  oil,  to  which  no  alcohol  had  been  added,  was  of  a  pale  greenish- 
yellow  colour,  and  possessed  the  more  pungent  camphoraceous  odour 
characteristic  of  English  oil,  rather  than  the  softer,  more  pleasant 
aroma  of  the  best  French  rosemary  oils.  Its  specific  gravity  was  -906, 
and  its  optical  rotation  +  0'25°  at  about  15°  C.  in  a  tube  of  100  m.m. 
Fractionation  of  the  oil  gave  the  following  results : — 

Below  176°  C 13  per  cent. 

176-200°  C 64    „      „ 

Above  200°  C 23    „      „ 

The  large  proportion  of  product  boiling  above  200°  C.  pointed  to  a  high 
percentage  of  borneol,  which  was  confirmed  by  direct  determination  by  the 
acetylation  process  ;  15-1  per  cent,  of  borneol  being  found  to  be  present. 

The  oil  was  readily  soluble  in  twice  its  volume  of  90  per  cent,  alcohol. 

It  may  be  interesting  to  compare  the  principal  characters  of  this 
sample  with  those  of  pure  oils  of  English  and  French  distillation,  and 
for  this  purpose  the  following  table  is  appended  : — 


Fractionation. 

Sample. 

Specific 
Gravity 
at  15°  0. 

Optical 
Rotation 
in  a  tube  of 
100  m.m. 

Borneol. 

Below 

176°. 

1T6°-200°. 

Above 
200°. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

Dunolly 

•906 

+  0-25° 

13 

64 

23 

15-1 

England  (Lines.) 

•9097 

+  7-f)° 

14 

73 

13 

13  '26 

France  (Grasse)   . 

•9079 

+  3-5° 

22 

59 

19 

11-07 
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The  above  figures  indicate  that  the  oil  is  of  exceptionally  high 
borneol  value  and  compares  with  the  finest  English  oil,  the  present 
value  of  which  is  50*-.  per  Ib.  (chiefly  because  it  is  English  oil). 
Practically,  the  whole  of  the  finest  rosemary  oil  employed  commercially 
is  of  French  distillation,  and  worth  about  3s.  per  Ib. 

No.  17. — OIL  OF  SAGE. 

The  oil  described  as  above  possessed  a  strong  thyme  odour,  quite 
different  to  that  of  oils  usually  met  with  in  trade  under  this  name, 
which  are  distilled  in  the  South  of  France  from  Xfih-ia  officinaUs. 

The  specific  gravity  at  15°  C.,  after  removal  of  alcohol,  was  "922, 
and  the  optical  rotation  +2'53  in  a  tube  of  100  m.m.  The  strong 
thjme  odour  suggested  the  presence  of  one  or  both  of  the  phenols 
present  in  thyme  oil,  and  treatment  with  solution  of  caustic  potash 
showed  the  presence  of  17  per  cent,  of  phenols.  This  portion  was 
separated,  decomposed,  and  found  to  distil  at  232 3  fo  233°  C.,  the 
boiling  point  of  carvacrol. 

Several  samples  of  true  oil  of  sage  (Sal via  officinal**^  which  were 
examined  for  comparison,  differed  from  it  in  containing  very  small 
proportions  of  phenol  (only  from  2  to  3  per  cent.),  but  contained  22  to 
23  per  cent,  of  alcohols,  as  determined  by  the  acetylation  process, 
which  were  practically  absent  from  the  oil  under  notice. 

These  characters  point  to  the  oil  having  been  distilled  from  Satureia 
hortensis  (summer  savory),  and  not  from  Sal  via  officinalis,  the  garden 
sage.  The  oil  is  not  employed  in  any  quantity  in  this  country,  and 
possesses  very  small  commercial  value  at  the  present  time. 

Xo.  1*. — OIL  OF  TANSY. 

This   sample    contained    a   considerable   proportion    of  alcohol.     It 
->ed  a  greenish-yellow  colour  and  the  characteristic  odour  of  the 
plant.     Its  specific  gravity  at  15    C.,  after  removal  of  the  alcohol,  was 
_'.  and  its  optical  rotation  +  37°. 

Careful  comparison  of  this  oil  has  been  made,  in  regard  to  the  above 
points,  with  samples  of  American  oil,  and  no  practical  difference  has 
been  detected ;  but  an  oil  of  English  distillation  has  been  described 
(Pharm.  Journal  [4].  1,  501)  which  had  a  laevorotation  of  -27°. 
•  By  fractionation  the  sample  yielded  about  26  per  cent,  boiling 
between  200'  and  210'  C.  No  indication  of  camphor  or  borneol  was 
obtained,  but  thujone,  boiling  at  200°  to  202°  C.,  was  found  to  be 
present. 

These    figures   are   practically  identical    with    those    obtained    by 
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fractionation  of  samples  of  American  oil.  Probably  considerable  differ- 
ences are  produced  in  the  oil  by  the  climate  and  the  soil  on  which  the 
plant  is  grown,  as  this  and  the  American  oil  differ  markedly  from  the 
English  sample  referred  to,  which  was  distilled  by  Mr.  J.  C.  Sawer 
at  Brighton. 

Oil  of  Tansy  is  not  much  used  in  this  country,  but  the  consumption 
of  it  in  the  United  States  is  larger.  It  is  quoted  at  about  16s.  per  Ib. 
by  the  American  distillers  of  repute. 

No.  19. — OIL  OF  THYME  OF  THE  ALPS. 

The  oil  possessed  (after  removal  of  about  25  per  cent,  of  added 
alcohol)  the  deep  reddish-brown  colour  usually  exhibited  by  the  oils  of 
high  phenol-percentage  distilled  from  Thymus  vulgaris,  L.,  and  had 
a  specific  gravity  of  -922  at  15°  C.  Its  optical  rotation  could  not  be 
determined,  owing  to  its  dark  colour. 

It  afforded  on  fractionation  37  per  cent,  boiling  above  220°  C.,  of 
which  21  percent,  passed  over  between  220°  and  228°,  consisting  chiefly 
of  thymol  (b.  pt.  225°  C.),  whilst  12  per  cent,  distilled  over  between 
230°  and  234°  C.,  which  was  principally  carvacrol  (b.  pt.  232°  C.). 

The  proportion  of  phenols  was  estimated  by  means  of  solution  of 
caustic  soda,  and  found  to  be  about  33  per  cent. 

The  follawing  table  shows  a  comparison  of  this  oil  with  samples  of 
red  and  white  (redistilled)  varieties  : — 


Sample. 

Specific 
Gravity. 

Percentage 
boiling  above 
220°  C. 

Percentage  of 
Phenols. 

Remarks. 

1.  Dunolly 
2.  France  (Grasse)  . 
3.         „             „        .         . 

•922 
•901 
•926 

37 
15 
44 

33 

"    ( 

40-4 

Pure. 
Mixed  with  oil  of 
Larandula  spica. 
Pure. 

4.  Germany,  white  . 

•925 

38 

34 

Pure. 

The  above  comparison  shows,  therefore,  that  the  value  of  the  Dunolly 
oil,  as  based  on  its  phenol  percentage,  is  considerable,  and  that  it  is 
particularly  free  from  the  oils  of  wild  thyme  (Thymus  Serpyllum]  and 
spike  (Lavandula  spica),  with  which  much  of  the  Thyme  oil  of  com- 
merce is  mixed.  The  results  which  it  has  furnished,  as  compared  with 
those  obtained  in  the  examination  of  the  finest  French  oils,  such  as 
No.  3,  indicate  that  it  is  of  very  good  quality ;  its  value  at  the  present 
time  being  about  5s.  per  pound. 
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Xo.  20. — OIL  OF  VERVAIN. 

This  sample,  which  contained  a  considerable  admixture  of  alcohol, 
possessed  the  characteristic  odour  of  the  so-called  Verbena,  or  lemon- 
grass  oil  (Andropogon  spec.),  although  far  more  agreeable.  The  speci- 
men under  notice  was,  however,  in  all  probability  distilled  from  the 
common  vervain  (Lippla  citriodora).  The  oil,  after  removal  of  alcohol, 
possessed  a  specific  gravity  of  '894  at  15'  C.,  and  an  optical  rotation  of 
-16;  in  a  tube  of  100  m.m. 

The  fractionation  of  the  oil  under  ordinary  atmospheric  pressure  was 
unsatisfactory,  as  considerable  decomposition  took  place,  which  might 
have  been  predicted  from  a  knowledge  of  the  constitution,  principally 
aldehydic,  of  the  oil. 

Product  obtained  between — 

200-210°  C.         .         .30  per  cent, 
210-225°  C.         .         .16 
225-239'  C.         .         .16 

Above  239°  the  decomposition  became  most  marked. 

The  proportion  of  aldehydes  in  the  sample  was  estimated  by  means 
of  sodium  bisulphite,  and  found  to  amount  to  7-i  per  cent.  The 
bisulphite  compound  was  decomposed  by  caustic  soda,  and  the  aldehyde 
was  carefully  washed  and  dried.  It  showed  all  the  characters  of 
citral. 

There  can  be  no  question  that  this  oil  would  be  of  considerable 
value  for  soap  and  perfumery  compounding,  if  it  could  be  produced 
at  a  sufficiently  moderate  price  to  compete  with  the  Ceylon  lemon- 
grass  oil  already  referred  to,  the  present  value  of  which  is  2s.  9d. 
per  Ib. 

The  conclusions  to  be  drawn  from  the  results  of  this  examination  of 
the  essential  oils  may  be  summarised  as  follows  : — 

Oil  of  Anise. — It  is  desirable  to  ascertain  the  nature  of  the  plant  from 
the  fruit  of  which  this  oil  has  been  distilled.  The  oil  appears  to  be 
different  from  that  which  at  present  comes  into  the  market.  Informa- 
tion is  also  needed  as  to  the  processes  used  in  distilling  the  oil. 

Oil  of  Absinthe. — This  oil  is  of  good  quality :  it  closely  resembles  the 
American  oil  at  present  used,  which  commands  a  price  of  about 
12s.  per  Ib.,  but  it  seems  doubtful  whether  it  could  compete  with  the 
American  product. 

OH  of  Boronia  polygaUfoUa. — This  oil  appears  to  be  new  to  com- 
merce, and  not  at  present  employed  in  perfumery.  A  more  complete 
chemical  examination  of  it  should  be  made,  and  information  supplied  as 
to  the  price  at  which  it  could  be  exported. 
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Oil  of  Eucalyptus  citriodora. — This  oil  closely  resembles  the  citron^lla 
oil  of  commerce,  although  its  odour  is  not  quite  the  same.  It  is  doubt- 
ful whether  it  would  be  worth  while  to  export  it  to  this  country,  unless 
the  price  were  very  low. 

Essences  of  Jonquille,  Millefleurs,  and  Tuberose. — Information  is 
required  as  to  the  methods  by  which  these  essences  have  been  prepared  ; 
the  alcohol  employed  does  not  appear  to  have  been  of  good  quality,  but 
it  seems  probable  that  the  essences  would  be  valuable  if  this  defect 
were  remedied  in  future.  Experiments  should  be  made  on  the  pro- 
duction of  these  essences  by  the  "  enfleurage  "  process,  care  being  taken 
to  employ  odourless  spirit  and  pure  fat. 

Oil  of  Rose  Geranium  and  African  Geranium. — These  oils  are  very 
similar  to  the  French  and  African  Geranium  oils  at  present  in  the 
market,  which  command  high  prices.  If  the  supply  of  the  same 
quality  can  be  maintained,  it  might  be  worth  while  to  export  them  to 
this  country. 

Oil  of  Lavender. — It  would  appear  that  this  oil  has  been  distilled 
from  a  mixture  of  plants,  and  is,  therefore,  not  of  high  quality.  In- 
formation should  be  acquired  as  to  the  precautions  taken  by  English 
lavender  growers  to  secure  the  right  species,  Lavandula  vera.  If  it 
were  feasible  to  cultivate  this  species,  the  oil  would  probably  be  a 
valuable  export. 

Oil  of  Lemon  Thyme. — This  oil  is  not  an  article  of  commerce,  and  it 
is  difficult  to  say  what  its  value  would  be  if  exported  in  large  quantities 
to  this  country. 

Oil  of  Myrtle. — The  botanical  characters  of  the  plant  furnishing  this 
oil  should  be  ascertained.  The  oil  resembles  certain  of  those  now  in 
commerce  which  have  been  somewhat  largely  used.  The  process  of 
distillation  evidently  requires  modifications. 

Otto  of  Rose. — Particulars  should  be  furnished  of  the  methods  of  pre- 
paration, since  this  is  a  valuable  material,  which  it  would  probably  be 
worth  while  to  export.  The  sample  examined  was  of  good  quality  so 
far  as  its  odour  is  concerned. 

Oil  of  Peppermint. — This  oil  closely  resembles  some  of  the  best 
samples  now  in  commerce  ;  it  would  be  worth  while  to  consider  whether 
this  oil  should  be  exported. 

Oil  of  Pennyroyal. — This  oil  appears  to  be  a  mixture,  pointing  to  the 
fact  that  sufficient  care  has  not  been  taken  in  the  selection  of  the  plants 
for  distilling.  Another  sample  should  be  prepared  and  sent  for 
examination. 

Oil  of  Rosemary. — This  proved  to  be  a  very  satisfactory  specimen, 
which  it  might  be  desirable  to  export,  although  it  is  doubtful  whether 
it  would  fetch  as  much  as  English  oil  of  similar  quality. 
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Oil  of  Say e. — Information  should  be  obtained  as  to  the  nature  of  the 
plant  from  which  this  oil  was  distilled.  It  does  not  seem  to  have  been 
obtained  from  the  ordinary  sage  (Salvia  officinal  is).  Its  commercial 
value  is,  probably,  not  great. 

Oil  <•>/  Tansy.—  There  is  not  much  demand  for  this  oil  in  the  English 
market.  It  might  be  worth  while  to  export  it  to  America. 

Oil  of  Thyme  of  the  Alps. — This  oil  compares  very  favourably 
with  commercial  oil  of  thyme,  and  it  might  therefore  lie  desirable  to 
export  it. 

Oil  of  Vi-'rrain. — Information  should  be  given  as  to  the  plant  from 
which  this  oil  has  been  obtained.  It  might  be  a  useful  export. 

The  results  of  the  preliminary  examination  of  the  Dunolly  oils  and 
essences  are  decidedly  encouraging,  some  of  the  products  being  of  fine 
quality  :  all,  except  the  oils  of  Eucalyptus  and  Sage,  seem  likely  to  be 
of  commercial  value.  The  question  as  to  whether  it  would  be  profit- 
able to  export  them  is,  however,  a  complicated  one,  but  should  be  care- 
fully considered  in  the  light  of  the  present  report.  A  further  supply  of 
those  oils  which  seem  to  promise  well  should  be  submitted  to  confirma- 
tory experiments, .since  it  is  essential  to  know  that  they  can  be  pro- 
duced of  uniform  quality.  It  is  also  important  that  the  best  methods 
should  be  employed  for  extracting  the  oils  from  the  plants,  and  with 
this  object  in  view  it  may  be  desirable  for  an  expert  to  proceed  to 
Dunolly  to  advise  on  this  subject,  or  for  an  official  from  Dunolly  to 
visit  manufactories  here  and  on  the  Continent. 

Jvl>j,  1896. 

The  Edible  Oils  of  India. 

Among  the  subjects  awaiting  investigation  by  the  Scientific  Depart- 
ment at  the  beginning  of  the  present  year,  1898,  was  that  of  Indian 
Edible  Oils,  samples  of  which  have  been  collected  in  India  during  the  last 
two  years  under  the  supervision  of  the  Reporter  on  Economic  Products 
to  the  Government  of  India,  and  despatched  by  him  to  the  Imperial 
Institute.  As  the  subject  was  an  important  one,  and  the  entire  staff  of 
the  Department  was  occupied  with  other  investigations,  most  of  them 
on  Indian  subjects,  it  was  arranged  that  these  oils  should  be  examined 
in  the  Chemical  Laboratory  of  St.  Thomas's  Hospital  by  Dr.  A.  W. 
Crossley,  M.Sc.,  Ph.D.,  and  Mr.  H.  R.  Le  Sueur,  B.Sc.  The  Govern- 
ment Grant  Committee  of  the  Royal  Society  were  good  enough  to  make 
a  small  grant  from  the  Government  Fund  for  Scientific  Research  to 
defray  the  expenses  connected  with  these  experiments. 

The  plan  of  investigation  which  seemed  likely  to  be  most  service- 
able, was  to  examine  in  the  first  instance  the  chief  physical  and 
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chemical  characters  of  each  oil,  so  as  to  furnish  a  basis  for  their  com- 
parison with  well-known  and  largely-used  edible  oils,  and  thus  to  render 
it  possible  to  obtain  a  report  on  the  commercial  value  of  the  Indian 
samples.  After  this  preliminary  survey  of  the  entire  collection,  it 
might  prove  to  be  worth  while  to  examine  more  minutely  the  chemistry 
of  those  oils  which  appeared  to  present  features  of  novelty.  The  pre- 
liminary examination  of  the  oils  has  now  been  completed  by  Messrs. 
Crossley  and  Le  Sueur,  who  will  present  an  account  of  their  results  to 
the  Society  of  Chemical  Industry,  which  will  subsequently  be  printed 
in  the  Journal  of  that  Society.  By  this  means  it  is  hoped  that  the 
attention  of  oil-brokers  and  merchants  will  be  directed  to  the  variety 
of  excellent  oils,  belonging  to  almost  every  class,  which  are  obtainable  in 
India,  and  that  the  experimental  data  will  enable  us  to  obtain  a  trust- 
worthy opinion  as  to  their  commercial  uses  and  value.  It  should  be 
mentioned  that  when  the  oils  were  first  received,  several  attempts 
were  made  to  ascertain  their  market  value,  but  entirely  without 
success,  as  no  scientific  data  existed  as  to  their  composition  and 
quality. 

The  following  is  a  list  of  the  oils  which  have  been  examined  : — 

Amoora  Rohituka.  Cocos  nucifera. 

Anacardium  occidental^.  Eruca  saliva. 

Arachis  hypogcra.  Garcinia  indica. 

Argemone  mexicana.  Guizotia  abyssinica. 

Bassia  butyracea.  Juglans  regia. 

Bassia  latifolia.  Lepidium  sativum. 

Brassica  alba.  Limim  usitatissimum. 

Brassica  campestris.  Luffa  tegyptiaca. 

Brassica  juncea.  Nigella  sativa. 

Brassica  Napiis.  Olea  europcea. 

Brassica  nigra.  Papaver  somnifernm. 

BucJianania  latifolia.  Primus  Armeniaca. 

Carthamus  Oxyacantha.  Raphanus  sativus. 

Carthamus  tinctorius.  Valeria  indica. 

Constants  Deter  mined. — The  liquid  oils,  with  but  one  or  two  exceptions, 
were  perfectly  clear,  and  were  not  therefore  submitted  to  any  process  of 
purification  before  analysis.  When  this  was  not  the  case,  the  sample 
was  first  freed  from  foreign  matter  by  filtration.  The  solid  oils  were  in 
all  cases  melted,  filtered,  and  dried  before  analysis.  The  methods 
employed  for  determining  the  constants  of  the  oils  are  those  in  ordinary 
use,  and  usually  the  details  given  in  The  Chemical  Analysis  of  Oil*. 
Fats,  and  Waxes,  by  Lewkowitsch,  have  been  followed.  The  following 
points  were  determined  : — 
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Specific  gravity.  Viscosity. 

Melting  point.  Rotatory  power. 

"  Hehner  "  value.  Drying  properties. 

The  following  table  includes  Messrs.  Crossley  and  Le  Sueur's  results 
of  the  examination  of  the  chemical  and  physical  characters  of  all  the 
oils  in  the  present  collection.  Further  information  may  be  obtained 
from  their  paper  on  the  subject  (Journal  of  the  Society  of  Chemical 
Industry,  1898). 
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M 

Appearance,  odour. 

"2 

Scientific  name. 

English  name. 

Locality. 

Remarks. 

8  =  in  solid  state. 

* 

L  =  liquelied. 

7795 
7051 

Amoora  Rohituka 

Aiiacardium    occidni- 

Evergreen  tree 
Cashew  nut    . 

Bengal  . 
Madras. 

- 

Clear  dark  brown  . 

tale. 

5856 

Ai-arhis  hypoyaa 

Ground,    earth,    or 

ii 

Xo.  1 

.,     very  pale  yellow  . 

pea-nut. 

5857 

n              n 

ii 

I,      • 

Xo.  2 

„        n       ,i         n       •        • 

6858 

Xo.  3 

5859 

",              I 

ii 

n 

n        ii       ii         ii 

7781 

Aryuhone  m^icawt 

Mexican  or  prickly 

Bengal  . 

_ 

Dark  orange  yellow       .        .   | 

poppy- 

7783 

„ 

,,      •        • 

— 

Greenish-brown    .        .       . 

6860 

Bassia  lat  (folia 

Butter    or    niahtia- 

_ 

S  =  yellowish-white,  L  =  clear, 

tree. 

orange  yellow. 

7050 

ii 

11               n 

n 

— 

S  =  yellow,     L  3=  clear,     deep 

orange. 

680:2 

n 

ii               n 

Madras. 

— 

y=  yellow,    L  =  clear,    deep  k 

orange. 

7058 

ii 

ii 

_ 

S  =  ;  yellowish-  white,  L  =  clear,  j 

" 

orange  yellow. 

7780 

. 

. 

—  ' 

S  =  white,     greenish     tinge,  ' 

" 

L  =  clear,  greenish  -yellow. 

0861 

n 

X.-W.    Prov- 

— 

S  =  dirty    yellow,    L  =  clear, 

" 

inces. 

deep  orange. 

7801 

11 

C.   Pruvinci's 

— 

S  =  dirty    yellow,    L  =  clear, 

deep  orange. 

675:2 

n 

Calcutta 

— 

S  =  dirty    yellow,    L=  clear, 

" 

deep  "orange. 

7785 

ii 

Bombay 

— 

.S  =  yellowish-white,  L  =  clear, 

yellow. 

7788 

„      i/t'.ti/racca 

Indian  butter-tree  . 

X.-W.    Prov- 

— 

8  =  pale      orange,      L  =  pale 

inces. 

brown. 

6856 

Bi'assica  alba 

White  mustard 

Bengal  . 



Clear  pale  yellow,  mustard 

smell. 

6805 

„        canijiastris    . 

Rape  seed 

X.-W.    Prov- 

var. red    . 

ditto 

inces. 

6863 

n                n 

11      ,i          •        • 

n 

,,     glauca 

ditto 

6864 

n                11 

n      n          •        • 

,, 

,,    dichotome 

Clear  brownish-yellow  . 

7784 

n                ii 

ii      11          •        • 

Punjab  . 

— 

„ 

7786 

1!                             II 

11      ii          • 

Bombay 

var.  brown 

Slightly  cloudy,  pale  browrrt 

7790 

II                             11 

n      11          •        • 

11 

,,    yellow 

Clear,  orange  yellow     .       .; 

7791 

,,        juncca 

Indian  mustard 

» 

,,    mustard  . 

Clear,  pale  yellow 

0855 

,i            >•      •        • 

ii            n 

Bengal  . 

„     Rai   . 

Clear,  dark  orange 

6857 

,,        nigra  . 

Black 

»     • 

- 



7803 

11                         I! 

ii           11 

C.  Provinces 

- 

„        „ 

6S5S 

„        *,«,.        . 

Lutui  mustard 

Bengal  . 

- 

Light  brown  . 

6978 

Buchanania  I  at  (folia  . 

X.-W.    Prov- 



S=pale      orange,     L=pal; 

orange. 

7854 



X.-W.  'Prov- 



S=  brownish-yellow,  L=pal 

inces. 

brown. 

• 
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vT 

A  'i  in  VALUE.    | 

r  > 

= 
f 

Itcich.  i  1  \l 
\.-ilni  . 

Insoluble  fatty 
Uriels. 

D  =  <lryiiiK  oil. 

.  i  '  eml-drj  in«  oil.  1 
N  i>  bryii  i 

Kolnlion  in  :'.(>  r.m.  1 

1  Mix  . 

VlSCOSITV. 

Mi-llin-  |>oint  C. 

A- 
KOH. 

Ai 

Oleic 
acid. 

Number 

of  seconds       j^Uu  t,j 

for              water  at 
50  ccs.  tu           7,,  i 
How  at 

17-03 

4-28 

134-86 

•04 

93-23 

D. 

— 

14-70 

— 

— 

45-1 

294-26 

1-20 

— 

X.  D. 

— 

-                     - 

570 

1-45 

1901 

•00 

95-63 

X.  D. 

-7' 

aiO'l               13-78 

•9223 

9-60 

2-42 

185-6 

98-42 

•00  ' 

- 

X.  D. 

+  24' 

347-0               13-07 

32-91 

S-2S 

194-8 

92-43 

•00 

- 

X.  U. 

inactive 

439-8 

16  -<H) 

27-02 

6-SO 

192-1 

100-82 

•00 

- 

X.  D. 

-7' 

306-9 

12-10 

•C'247 

6-00 

1-51 

190-3 

122-53 

40 

*  95-07 

D. 

- 

10'5'J 

88-90 

21-13 

119-91 

•00 

— 

D. 

— 

272-0 

10-71 

•    at  100-  C. 

at  140    F. 

at  140;  F. 

191-0 

62-11 

•44 

94-96 

— 

- 

'.'7-1 

4-24 

24-5 

19-15          4-80 

192-6 

64-83 

- 

- 

- 

- 

4-10 

26-0 

10-33         2-60 

191-8 

- 

- 

- 

- 

4-23 

25-0 

4-83 

1-23 

190-9 

5S-53 

- 

- 

- 

- 

107-0 

4-07 

26-5 

2-10 

187-4 

58-45 

- 

94-09 

- 

- 

100-5 

4-3:) 

29-0 

21-20          5-33 

63-51 

-  . 

- 

- 

- 

98-9 

4-10 

23-0 

4  29 

188-8 

63-01 

- 

- 

- 

— 

4-22 

24-0 

•SW3 

17-88 

- 

— 

- 

S-'.'o 

.     • 

6  -S3          1-72 

190-5 

53-43 

- 

- 

- 

— 

4-23 

24-0 

•S070 

10-44          4-14 
6-40 

190-8 

171-2 

42-12 
96-75 

•44 
•00 

95-86 

X.  D. 

—9' 

110-4                  4'(?2 

31'  -0 

•9142 

402-0 

15-83 

•914S 

2-90            -73 

171-6 

99-20 

v.. 

96-30 

S.  D. 

-7' 

3:>o-6 

15-38 

•9142 

171-4 

V'7-71 

•67 

95-04 

-\V 

15-85 

•9154 

1-57 

172-2 

104-84 

•22 

S.  D. 

- 

14-04 

•05 

173-4 

96-25 

•43 

94-56 

S.  D. 

- 

3'.'3"2                15-48 

".           4-00          1-00 

17-J-S 

94-10 

•00 

- 

S.  D. 

- 

464-6 

18-M 

1H41 

1-42            'SO 

16'.'  -4 

96-66 

•00 

- 

S.  D. 

—5' 

413-8 

16'2t> 

•9206 

3-72 

180-1 

108-29 

— 

- 

—25' 

15-08 

7-12          1-7:' 

172-1 

101  -S2 

•33 

S.  D. 

—IS' 

37'.  '-3 

14-03 

7-35 

173-3 

98-34 

90-05 

X.  D. 

—17' 

425-4 

10-75 

1-44 

173-0 

110-51 

— 

X.  D. 

—30' 

355-4 

18-99 

3-77 

•9S 

107-7 

1-7-70 

•00       '.'5-55 

X.  D.       —15' 

39S-0 

15-07 

at  14"    F. 

at  14u    K. 

•8941 

15-03 

3-7S 

196-4 

54"73 

•33 

—             — 

89-3 

3-90 

32-0 

40-11 

10-Oii 

11'  1-8 

— 

— 

— 

S4-0 

3-69 

32-0 
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1 

1 

Scientific  name. 

English  name. 

Locality. 

Remarks. 

Appearance,  odour. 
S  =  in  solid  state. 

3 

to 

L  =  liqueiied. 

7806 
7792 

Carlhamus  tlnctorius 

Safflower 

C.  Provinces 
Bengal  . 

var.  Rai   . 
Pressed  oil 

Clear,  orange  yellow 
Black,  pitchy  smell 

7793 

ii               n 

,» 

!> 

Distilled  . 

Clear,  orange  yellow     . 

6900 

»               „ 

,,        .        .        . 

Punjab  . 

— 

11        »i           ii         •• 

6808 

„               ,, 

,,        .        .        . 

ii      • 

Oil  from  culti- 

,,     light  yellow 

vated  form  . 

6901 

11               ii 

>i        •        •        • 

Hyderabad   . 

Cold     dry     ex- 

u       ii            i)          •        • 

pression 

6902 

i>               » 

n 

Bombay 

Oil    from    dye 

u          •• 

plant     . 

6903 

»                                 !! 

M        •        •        • 

ii    *• 

Oil     from    oil- 

seed plant    . 

7048 

,1                                 » 

„ 

Cawnpore 

var.  thornless  . 

ii        i,            ii 

7049 

,,                                 ,) 

,,        .        .        . 

,i 

,,   thorny 

„     orange  yellow    . 

6979 

I,                                 .. 



Madras  .  .     . 

— 

u     P'^e         ,, 

6794 

,,        Oxyacantha 

„        .        .        . 

Punjab  . 

— 

„        ,,    orange 

6867 

Cocos  nucifcra    . 

Cocoa  palm     . 

Malabar 



S  =  white,  L  =  straw  colour  . 

6852 

,,          ,,          . 

i>       ii 

Bengal  . 

— 

S  =  white,      L  =  clear,      pale 

yellow. 

7798 

Bombay 



S  =  white,   L  =  clear,    colour- 

less 

7797 

Eruca  saliva 



,, 

Allied  to 

Slightly       cloudy,      orange 

mustard. 

yellow,  turnip  smell. 

7794 

H           II                •           • 

— 

Punjab  . 

u 

Clear  dark  orange  . 

6866 

„            „                •           • 

— 

Cawnpore     . 

„ 

Light  brown,  green  tint 

7782 

Guizolia  abyisinica    . 

Niger  seed 

Bombay 

— 

Clear,  pale  yellow         .        . 

7796 

Madras 



,,    light  orange 

7799 

,,               ,, 

u      i)         • 

Bengal  . 

— 

7804 

C.   Provinces 



7835 

Garcinut  indica  . 

Kokam  butter 

Bombay 

S  =  pale     brown,      L  =  clear 

brown. 

7851 

Juglans  rcgia. 

Walnut  tree    . 

Punjab  . 

— 

Orange  yellow,  linseed  smell 

7853 

Lepidiv.m  sativum 

Cress 

,, 

— 

Orange  yellow       .        .        . 

7805 

Linum  usilatixsimvm 

Linseed,  flax  . 

C.  Provinces 

— 

Light  brown  .... 

8540 

Luffa  ixflyptiaca 

_ 

Bengal  . 

_ 

Dark  reddish-brown,  slight 

smell. 

8541 

Nigella  sittivn    . 

Small  fennel  . 

.1 

— 

Dark  reddish-brown,  odour 

of  eucalyptus. 

7852 

Olea  europaa 

Olive 

Punjab. 

— 

Greenish-brown     .        .        . 

7789 

Paparer  so/nniferum  . 

Opium     or     white- 

i. 

— 

Light  brown          .        .        . 

poppy  . 

7787 

»                ii 

N.-W.    Prov- 

— 

Clear,  orange  yellow     .       . 

inces. 

6859 

»                n 

i)            ii 

ii        u 

— 

n        n           .1         •        • 

6854 

,,                „ 

ii            ii 

Bengal  . 

— 

11        n           ii         •        • 

8561 

Prunus  Armeniaca    . 

Apricot  kernel 

Punjab 

— 

Pale  orange,  odour  of  bittei^ 

almonds. 

6868 

P     nl  rt'ni  f     rtt'  '11  * 

Radish 



Clear,  light  brown 

7036 

Valeria  indica   . 

White  dammar 

Madras  . 

S=  greenish-  white,  L  =  cle.~r, 

greenish-yellow. 

7802 

.,          .1 

"         » 

"      ' 

Do.               do. 
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The  following  is  a  classification  of  the  oils  according  to  their  drying 


properties : — 

Drying. 

Amoora  Rohituka. 
Argemone  mexicana. 
Carthamus  tinctorius. 
Guizotia  abyssinica. 
Jnglans  regia. 
Linum  usitatissimum. 
Papaver  somniferum. 

Non-drying. 

Anacardium  occidentale. 
Arachis  hypogwa. 
Eruca  sativa. 
Olea  europiva. 
Raphanus  sativus. 


Semi-drying. 

Brassica  species. 
Lepidium  sativum. 
Luffa  wgyptiaca. 
Nigella  sativa. 
Prunus  Armeniaca. 


Solid   or   Semi-solid    at   ordinary 
temperatures. 

Bassia  latifolia. 
Bassia  butyracea. 
Buchanania  latifolia. 
Cocos  nucifera. 
Garcinia  indica. 
Valeria  indica. 


The  chief  characters  of  the  oils  may  be  thus  summarised  : — 
Amoora  Rohituka. — The  seeds  of  this  evergreen  tree  yield  an  oil 
which  is  used  by  the  natives  for  various  economic  purposes,  such 
as  illuminating,  and  also  medicinally.  The  sample  examined  is  clear 
and  of  reddish-brown  colour,  without  any  particular  taste  and  a  slight 
odour  resembling  that  of  linseed  oil.  It  is  a  drying  oil  and  its  constants 
approximate  to  those  of  Niger  seed  oil. 

Anacardium  occidentale. — Cashew  nut.  Two  distinct  oils  are  produced 
from  the  fruits  of  this  plant ;  one,  pressed  from  the  kernels,  is  a 
light  yellow,  bland  oil,  the  other,  known  as  Cardole  or  Cashew  apple 
oil,  is  prepared  from  the  pericarp  or  shell  of  the  nut,  and  is  black,  acrid 
and  powerfully  vesicating.  The  sample  examined  apparently  belongs 
to  the  latter  class,  being  clear  and  of  a  very  dark  reddish-brown  colour. 
Though  it  possesses  the  abnormal  iodine  value  of  294-6  (mean  of  three 
determinations),  practical  experiment  shows  it  to  be  a  non-drying  oil. 
It  has  evidently  suffered  decomposition,  and  this  rendered  it  impossible 
to  determine  some  of  its  constants,  e.  g.  in  attempting  to  carry  out  the 
determination  of  the  insoluble  fatty  acids  they  appeared  as  a  dark 
brown  gummy  mass. 

Arachis  hypogcea. — The  four  samples  are  all  of  a  very  pale  yellow 
colour,  with  little  taste  or  smell,  and  deposit  solid  matter  on  standing. 
It  will  be  noticed  that  the  specific  gravity  is  higher  than  generally 
recorded,  approaching  rather  closely  to  that  of  poppy-seed  oil,  with 
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which  Arachis  oil  is  said  to  be  adulterated.  The  iodiue  value,  how- 
ever, is  uorrnal,  i.e.  below  100,  whereas  the  iodine  value  of  poppy-seed 
oil  is  over  130.  It  is  hardly  necessary  to  again  point  out  that  the 
genuineness  of  the  present  samples  is  undoubted. 

Anjemoiie  mexicana. — The  spiny  herbaceous  annual  from  the  seeds 
uf  which  this  oil  is  extracted  is  very  abundant  in  India,  and  practically 
an  unlimited  amount  of  the  oil  is  available.  Of  the  two  samples  one, 
Xo.  7781,  is  of  a  dark  orange  colour,  and  possesses  a  slight  but  distinct 
smell.  The  other,  Xo.  7783,  is  greenish-brown  in  colour,  contains  a 
very  large  percentage  of  free  fatty  acids,  and  is  completely  soluble  in 
nine  to  ten  volumes  of  absolute  alcohol  at  the  ordinary  temperature, 
whereas  No.  7781  is  not  soluble  even  at  a  temperature  of  40=  C. 
Charbonnier  has  stated  that  this  oil  is  soluble  in  five  to  six  volumes  of 
alcohol  at  32  "2''  C.,  a  statement  which  has  been  refuted  by  Fliickiger. 
It  is  evidently  quite  possible  for  both  statements  to  be  correct.  Both 
samples  come  under  the  heading  of  drying  oils. 

Bassia  tatifolia. — Mahua  butter.  Our  samples  of  this  oil,  which 
is  also  known  as  Illipe  butter,  possess  in  the  solid  state  a  yellow 
colour,  one  sample,  No.  7780,  having  a  decided  green  tinge  ;  when 
liquefied  they  are  clear,  and  vary  in  colour  from  yellow  to  orange.  This 
oil  is  not  identical  with,  and  should  not  be  mistaken  for,  Mohwah 
butter  or  Mowrah  seed  oil,  which  is  extracted  from  the  seeds  of  Bassia 
longifolia,  nor  with  Phulwara  butter,  which  is  obtained  from  Bassia 
butyracea,  or  Indian  butter  tree. 

Brassica  family. — Brassica  a/.ba,  or  white  mustard  oil,  is  of  a  clear 
pale  yellow  colour  and  smells  of  mustard.  Its  constants  are  almost 
identical  with  those  of  the  other  members  of  this  family. 

£ra-ssi<:a  campestris. — The  specimens  include  all  the  varieties  pro- 
duced in  India.  They  are  clear  oils  varying  in  colour  from  yellow  to 
pale  brown,  and  possess  the  characteristic  mustard  smell. 

Brassica  juncea. — This  oil  is  largely  used  in  India  as  an  article  of 
food  and  also  medicinally.  The  specimens  are  clear,  yellow  oils, 
possessing  a  distinct  odour  and  taste. 

Brturica  y>'pus. — Lutni  mustard.  The  oil  is  clear  and  light  brown 
in  colour. 

Braggica  niyra. — The  specimens  are  clear  and  dark  orange  coloured. 
The  whole  (Brassica)  family  telong  to  the  class  of  semi-drying  oils. 
Buchamama  latifolia. — This  oil  is  rarely  prepared,  as  the  seeds  are 
much  prized  by  the  natives  of  India  as  a  sweetmeat.     The  constants 
of  the  specimens,  which  in  the  solid  state  are  orange,  and  in  the  liquid 
state  clear  orange  and  pale  brown  respectively,  agree  closely  with  those 
of  Bassia  latifolia. 

(inrtorius. — Sattiuwer  oil  is  obtained  from  an  herbaceous 
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plant,  which  until  recently  was  cultivated  all  over  India  for  the 
preparation  of  the  well-known  dye.  Two  distinct  varieties  are  grown, 
the  spiny  or  thorny  variety  and  the  spineless  or  thornless  variety. 
The  oil  is  extracted  from  two  kinds  of  fruit,  one  the  cultivated — a 
white  and  glossy  form ;  the  other  smaller  and  of  a  mottled  brown 
grey  and  white  appearance.  Two  methods  are  employed  for  the 
preparation  of  the  oil,  the  ordinary  cold  dry  expression  method  and 
the  so-called  hot  extraction  process,  which  latter  is  in  reality  a  crude 
process  of  downward  distillation.  The  first  method  yields  an  oil  which 
is  largely  used  for  burning,  whereas  that  obtained  by  the  latter  process 
is  useless  for  this  purpose,  and  is  employed  by  the  natives  for  the 
preservation  of  leathern  vessels,  ropes,  etc.,  exposed  to  the  action  of 
water.  The  samples  include  all  the  different  varieties  prepared  in 
India.  They  are,  with  the  exception  of  No.  7792,  clear,  and  vary  in 
colour  from  very  pale  yellow  to  orange,  possess  a  faint  odour  and  taste, 
neither  of  which  is  particularly  characteristic.  They  rotate  the  plane 
of  polarisation  slightly  to  the  right,  and  in  general  resemble  the  white 
poppy-seed  and  walnut  oils. 

Safflower  is  an  exceedingly  good  drying  oil,  and  its  chemistry  is  being 
thoroughly  investigated.  No.  7792  prepared  by  the  hot  extraction  pro- 
cess is  quite  black  in  appearance  and  has  a  decided  pitchy  smell.  Its 
specific  gravity  is  much  higher  and  its  iodine  value  lower  than  the 
values  obtained  for  any  of  the  other  samples.  It  is  a  non-drying  oil. 

The  oil  from  C.  Oxyacantha  differs  but  slightly  from  that  yielded  by 
C.  tinctorius. 

Cocos  nucifera. — Cocoanut  palm.  The  constants  of  these  Indian 
specimens  agree  with  those  on  record  for  this  oil,  except  the  Reichert- 
Meissel  value,  which  is  markedly  higher.  In  the  solid  state,  Nos. 
6867  and  6852  are  white  with  a  faint  yellow  tinge,  and  in  the  liquid 
state,  clear  and  pale  yellow  in  colour;  No.  7798  is  pure  white,  and 
when  liquefied  clear  and  colourless. 

Eruca  sativa. — This  oil  is  obtained  from  an  extensively  cultivated 
herb,  closely  allied  to  the  mustards.  In  India  it  is  used  for  burning 
purposes  and  also  to  some  extent  as  a  food.  The  physical  constants 
resemble  those  of  the  oil  yielded  by  Brassica  campestris.  All  three 
samples  are  clear  and  vary  in  colour  from  yellow  to  pale  brown  ;  two 
of  them,  Nos.  7797  and  6866,  have  a  well-marked  odour  and  flavour 
of  turnip,  whereas  No.  7794  has  an  odour  of  mustard  and  a  rather 
pleasant  taste.  Eruca  sativa  is  a  non-drying  oil. 

Garcinia  iitdica. — This  oil  was  sent  in  egg-shaped  masses  of  a 
dirty- white  colour  containing  a  good  deal  of  foreign  matter.  After 
purification  it  was  of  a  pale  brown  colour  when  solid,  and  melted  to  a 
clear  brown  liquid. 
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abyssiniw. — Niger  seed.    The  samples  of  this  drying  oil  are 
clear,  and  vary  in  colour  from  pale  yellow  to  orange. 

Jn'jld.ns  reyia. — Walnut  tree.  The  sample  is  clear  and  of  an  orange- 
yellow  colour  with  a  slight  odour  of  linseed  and  a  sickly  nutty 
flavour.  Its  constants  agree  well  with  those  previously  recorded,  and 
are  almost  identical  with  those  of  Carthamus  tinctorius.  Practical 
experiment  shows  it  to  be  a  strong  drying  oil. 

Lepidinm  snti^nm. — Garden  cress.  The  samples  of  this  oil  are  of 
an  orange  colour  and  possess  a  faint  smell.  The  difference  in  their 
iodine  values  is  marked  :  they  belong  to  the  class  of  semi-drying  oils. 

Lii'H.m  ugitatissimunt, — Linseed.  The  sample  is  of  a  clear,  orange 
colour,  and  possesses  an  iodine  value  lower  than  is  usually  recorded. 

Luff'",  ff-yitptl'-'ca. — The  oil  is  extracted  from  the  seeds  of  a  genus 
of  climbing  plants  belonging  to  the  family  Cucurbitacete.  The  sample 
is  dark  reddish-brown  in  colour,  possesses  a  slight  smell  and  is  a 
semi-drying  oil. 

•i. — Small  fennel.  Two  kinds  of  oil  are  expressed 
from  the  seeds  of  this  plant ;  one  is  described  as  dark,  fragrant  and 
volatile,  while  the  other  is  clear,  nearly  colourless,  and  of  the  con- 
sistency of  castor  oil.  Our  sample  evidently  belongs  to  the  first  class ; 
it  i-  of  a  dark  reddish-brown  colour,  with  a  strongly-marked  odour  of 
Eucalyptus,  and  is  a  semi-drying  oil.  On  standing  it  deposits  solid 
matter. 

Olea  enropfpfi. — The  sample  is  clear,  of  greenish-brown  colour.  It* 
iodine  value  is  abnormally  high. 

Papaver  somniferum. — Opium  or  white  poppy.  The  oils  vary  in 
colour  from  pale  yellow  to  orange,  and  possess  a  small  but  decided 
Isevorotatory  power.  They  are  drying  oils. 

Primus  Armeniaca. — Apricot  kernel.  The  oil  is  of  a  pale  orange 
colour,  it  has  a  marked  odour  and  flavour  of  bitter  almonds,  and  is  a 
semi-drying  oil. 

Raphantu  s<>(ims. — Radish  seed.  The  sample  is  clear,  of  a  light 
brown  colour,  and  has  a  distinct  acrid  flavour.  It  is  a  non-drying  oil. 

I'.tteria  indica. — Both  samples  in  the  solid  state  are  white  with  a 
greenish   tinge,  and  when   melted  are   clear   and   greenish-yellow  in 
colour.     The  constants  resemble  those  of  Garcinia  indica. 
•ber,  1898. 
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Tung  Oil  (Chinese  Wood  Oil)  received  from  Hong  Kong, 

The  following  are  the  results  of  an  examination  of  a  sample  of  Tung 
Oil,  made  by  Mr.  W.  H.  Deering,  F.I.C.,  with  the  view  of  obtaining  some 
preliminary  information  as  to  how  it  would  compare  with  linseed  oil, 
and  if  it  were  likely  to  be  suitable  for  the  manufacture  of  linoleum. 

The  oil  had  the  following  characteristics  :— 

Colour — golden-yellow,  clear  and  viscous  ;  odour,  that  of  a  seed  oil ; 
specific  gravity,  at  60°  F.,  O9405. 

It  is  a  glyceride  oil,  giving  on  saponification  96 '5  per  cent,  of  fatty 
acids,  which,  at  ordinary  room-temperature,  are  hard  and  very  crystal- 
line. It  required  1  -18  per  cent,  of  potassium  hydroxide  for  neutralisation 
of  its  free  acid,  and  19*12  per  cent,  for  total  saponification.  Haw 
linseed  oil  usually  contains  only  about  one-fifth  that  amount  of  free 
acid  (a  point  of  no  importance  as  regards  any  practical  application), 
and  requires  for  saponification  from  about  18-8  to  19'1  per  cent,  of 
potassium  hydroxide,  which  is  practically  the  same  as  for  the  tung  oil. 

The  bromine  absorption  is  98  per  cent,  bromine  (dry  bisulphide  of 
carbon  being  the  diluent) ;  this  is  greater  than  with  raw  linseed  oil, 
for  which  94  per  cent,  bromine  is  a  high  number. 

Exposed  to  air  in  a  thin  film,  the  tung  oil  dries  to  a  white,  opaque 
solid  film  in  20  hours  ;  raw  linseed  oil  under  similar  conditions  usually 
requiring  about  60  hours. 

Ten  grams  of  the  tung  oil,  to  which  were  added  0'5  per  cent,  of 
litharge  and  0*5  per  cent,  of  red  lead,  were  heated  to  500°  F.  (no  frothing 
or  darkening  of  the  oil  occurred),  and  a  rapid  current  of  air  was  blown 
'through  the  oil  (kept  at  500°  F.).  In  15  minutes  the  oil  jellified.  The 
product,  when  thoroughly  cold,  was  a  light  brown  semi- solid,  elastic 
and  slightly  sticky. 

A  corresponding  quantity  of  the  same  sample,  heated  with  the  oxides 
of  lead  at  500°  F.,  but  not  air-blown,  jellified  in  ten  minutes.  The 
product  was  similar  to  the  air-blown  product. 

Another  corresponding  quantity,  heated  at  500°  F.  without  the  oxides 
of  lead  and  not  air-blown,  also  jellified  in  ten  minutes. 

The  product  examined  on  the  following  day  was  found  to  be  a  yellow, 
elastic  semi-solid,  but  stickier  and  rather  less  solid  than  the  products 
of  the  two  previous  experiments. 

Corresponding  amounts  of  linseed  oils,  with  the  oxides  of  lead  added, 
and  air-blown  at  500°  F.  for  30  minutes,  yielded  only  thick  liquids  of 
dark  brown  colour.  The  solidification  of  the  tung  oil,  not  air-blown, 
seems  too  rapid  to  be  accounted  for  by  oxidation  only,  but  appears 
rather  like  a  polymeric  change. 
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The  opacity  of  oxidised  tung  oil  is  against  its  employment  in  varnish- 
making,  but  the  properties  of  the  oil  are  such  as  seem  likely  to  make  it 
a  valuable  material  in  the  manufacture  of  linoleum. 

Tung  oil  is  still  little  known  in  this  country.     If  a  regular  sup- 
ply could   be   depended    upon   it    would   probably  repay   commercial 
exploitation. 
1896. 


Carapa  Oil  from  Trinidad, 

Carapa  oil,  which  is  also  known  as  Crab  oil  or  Andiroba  oil,  is  extracted 
from  the  nuts  of  Carapa  guian^n^s,  a  tree  which  exists  in  abundance 
in  the  forests  of  Guiana,  and  more  or  less  commonly  throughout  tropical 
America  and  the  West  Indies.  It  is  also  very  abundant  in  Brazil, 
and  supplies  of  the  oil  can  be  obtained  at  Para  and  Manaos.  This  oil 
is  extracted  in  the  following  manner  :  —  The  seeds  are  boiled  without 
being  shelled,  and  exposed  to  the  air  for  eight  or  ten  days,  to  allow  the 
oil  to  develop  itself  :  the  shell  is  then  removed  and  the  seeds  ground 
into  a  paste,  which  is  placed  in  the  sun,  on  an  incline,  to  let  the  oil  run 
off.  The  excessive  bitterness  of  the  oil  is  said  to  repel  all  insects,  and 
it  is  therefore  used  by  the  natives  for  anointing  the  body  ;  it  is  also 
locally  employed  for  preserving  timber,  for  which  purpose  it  is  mixed 
with  pigments  or  tar.  The  yield  of  oil  from  the  seeds  is  said  to  be  70 
per  cent,  of  their  weight.  A  sample  of  the  oil  was  awarded  a  prize 
medal  at  the  Exhibition  of  1851. 

A  small  sample  of  this  oil  has  been  presented  to  the  Imperial 
Institute  by  Mr.  Henry  Caracciolo,  who  lately  visited  London  as 
Delegate  from  Trinidad  to  the  International  Zoological  Congress. 
It  has  been  submitted  to  chemical  examination  by  Mr.  W.  H.  Deering, 
F.I.C.,  F.C.S.,  Principal  Assistant-Chemist  of  the  War  Department. 

The  following  is  Mr.  Deering's  report  of  his  examination  of  this 
oil:— 

"The  oil  is  nearly  clear,  of  yellow  colour,  has  an  acid,  but  not 
unpleasant  vegetable  odour,  and  an  intensely  bitter  flavour.  Rubbed 
on  the  skin  of  the  wrist,  and  left  there  for  three  hours,  it  was  without 
any  perceptible  effect. 

"  Cooled  for  a  day  to  40°  R,  it  solidified  to  a  whitish  solid  of  the 
consistence  of  tallow  ;  and,  at  a  higher  temperature,  it  shows  a  tend- 
ency to  separate  a  solid  fat. 

"  It  is  a  non-drying  oil  :  exposed  for  several  weeks  in  thin  film  to 
the  air,  it  remained  quite  moist. 

"At  70:  F.  its  viscosity  is  about  that  of  rape  oil. 

"Its  specific  gravity  at  603  F.  is  0-9225. 
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"  It  is  saponified  readily  and  completely  by  caustic  potash ;  a 
quantitative  experiment  showed  that  it  required  2'26  per  cent,  caustic 
potash  (KOH)  to  neutralise  free  acid,  and  a  total  amount  of  19-5G 
per  cent,  for  saponification.  The  amount  of  free  acid,  about  12  per 
cent.,  is  large. 

"The  oil  gave  93'7  per  cent,  of  fatty  acids,  insoluble  in  water,  and 
an  appreciable  trace  (equivalent  to  0'25  per  cent,  potassium  hydroxide) 
of  volatile  fatty  acid  soluble  in  water.  It  is  a  glycerido  oil ;  in  fin 
approximate  estimation  1O4  per  cent,  of  crude  glycerin  was  obtained 
from  it. 

"The  fatty  acids,  when  cold,  formed  a  very  firm  crystalline  solid, 
of  pale  buff  colour,  melting  at  102°  F. 

"  The  amount  of  bromine  absorbed  by  the  oil  dissolved  in  bisulphide 
of  carbon  was  41  per  cent.  (40-84  per  cent.,  and  41*06  per  cent.),  a 
low  number,  indicating  comparatively  high  percentage  of  saturated 
glycerides  and  low  percentage  of  olein.  A  small  proportion  only  of 
the  oil  is  dissolved  by  alcohol. 

"  Shaking  the  oil  with  warm  dilute  sulphuric  acid  (1  volume  strong 
sulphuric  acid  and  5  volumes  of  water)  did  not  remove  the  bitter  con- 
stituent ;  this  result  does  not  favour  the  idea  of  its  being  an  alkaloid 
(such  as  strychnine). 

"  The  oil  is  not  likely  to  be  useful  as  a  lubricant ;  the  large  amount 
of  free  acid  in  the  sample  examined  would  make  it  unfit  for  that 
purpose,  but,  apart  from  this,  the  oil  has  no  special  merits  in  this  direc- 
tion. The  oil  has  been  found  to  be  well  suited  for  the  manufacture  of 
good  oil  soap  (like  olive  oil  soap). 

"  The  residue,  or  cake,  left  after  expressing  the  oil,  merits  examina- 
tion, with  a  view  to  determine  the  nature  of  the  bitter  substance  which 
the  oil  contains  in  solution." 

October,  1898. 

Andiroba  Nuts  from  Sergipe,  Brazil,  received  through  the 
Foreign  Office. 

These  nuts  are  referred  to  by  Mr.  Consul  Medhurst  in  his  report  on 
the  "  Trade  of  the  State  of  Sergipe,"  published  in  the  Foreign  Office 
Consular  Report,  No.  2740,  Annual  Series,  in  the  following  terms: — 

"  The  kernel  of  this  species  of  nut  is  used  to  make  a  rough  candle. 
I  forward  samples  of  these  nuts." 

On  examination  these  nuts  proved  to  be  Andiroba  (not  Jandiroba) 
nuts  derived  from  Carapa  guianensis,  a  tree  abundant  throughout 
tropical  America  and  the  West  Indies.  The  nuts  furnish  Carapa  or 
Crabwood  oil,  as  to  which  a  report  has  been  already  made  by  this 
Department  on  a  sample  sent  from  Trinidad  (see  p.  135). 
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Tins  oil,  which  is  usually  solid  at  the  ordinary  temperature,  could  no 
doubt  1)6  employed  in  the  manufacture  of  soap  and  candles,  for  which  it 
appears  to  be  particularly  well  adapted.  The  nuts  sent  from  Sergipe 
are  evidently  of  inferior  quality,  a*  they  furnished  less  than  15 
per  cent,  of  oil,  whilst  the  best  samples  are  stated  to  have  furnished 
nearly  70  per  cent,  of  their  weight.  This  is  a  matter  which  requires 
to  be  further  looked  into,  as  there  can  be  no  question  as  to  the 
commercial  value  of  the  material,  apart  from  its  possible  medicinal 
value. 

Messrs.  Macandrew,  Moreland  and  Company,  of  Liverpool,  are 
desirous  of  considering  the  commercial  development  of  these  nuts, 
and  have  already  communicated  with  H.B.M.  Consul  at  Bahia,  asking 
him  to  forward  samples  and  particulars  as  to  supply. 

Tt  is  suggested  that  about  half  a  hundredweight  of  the  nut  known 
to  be  rich  in  oil  should  be  sent  to  this  Department  in  order  that  a 
further  examination  of  the  oil  yielded  may  be  made,  and  its  commercial 
prospects  in  this  country  fully  enquired  into.  The  present  sample  of 
nuts  is  quite  unsuitable  for  this  purpose.  At  the  same  time  as  much 
information  as  possible  should  be  forwarded  with  reference  to  the 
supply  of  these  nuts  and  the  cost  of  freight,  etc. 
1902. 


Indian  Castor  Oils, 

These  specimens  of  castor  oils  constitute  a  complete  set  of  typical  oils 
derived  from  the  various  districts  of  India  in  which  the  Castor  Oil 
plant  (Sicinus  communis)  is  grown.  They  were  selected  from  the  set  of 
78  samples  contributed  to  the  Indian  Section  of  the  Imperial  Institute 
by  the  Revenue  and  Agricultural  Department  of  India,  and  include 
all  three  "  grades  ''  of  oil  recognised  in  the  trade.  The  differences  in 
these  -"grades"  are  that  in  the  best  qualities  the  oil  is  entirely  "cold 
1,"  while  in  the  lower  grades  the  seeds  are  subjected  to  pressure 
by  hot  rollers.  The  commonest  kinds  of  oil  are  "  pressed  hot  "  and  are 
sent  into  commerce  unfiltered.  In  explanation  of  the  column  marked 
"  Seed  "  in  the  accompanying  tabular  statement  of  results  it  may  be 
stated  that  the  "Pirpainti"  varieties  represent  the  oils  produced 
inland,  while  "  Kotapatara  "  seeds  are  derived  from  sea-coast  districts  : 
the  other  varieties  mentioned  belong  to  both  classes.  The  preliminary 
examination  of  these  oils  was  undertaken  for  the  Department  by 
8.  W.  H.  Deering  and  Boverton  Redwood.  It  is  intended  in  the 
future  to  carry  the  investigation  further  and  to  examine  the  nature 
of  the  purgative  constituent,  as  to  which  little  or  nothing  is  known, 
it  being  understood  that  Professor  Giacosa  of  Turin,  to  whom  the 
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question  was  referred,  has  not  been  able  to  undertake  the  investigation. 
The  problem  of  utilising  the  compressed  seeds  or  "  cake  "  will  also 
be  enquired  into.  As  is  well  known,  this  cake  is  occasionally  highly 
poisonous  to  animals,  and  this,  according  to  the  researches  of  Robert, 
is  due  to  the  presence  of  a  poisonous  proteid  which  he  named 
ricin. 

The  oils  were  examined  as  to  colour,  specific  gravity,  viscosity, 
and  rotatory  power ;  the  amount  of  potash  required  to  neutralise  free 
acid,  and  the  quantity  needed  for  complete  saponification,  the  amount 
of  bromine  which  would  combine  with  them,  and  their  solubility  in 
alcohol  were  also  determined.  The  results  are  given  in  the  subjoined 
table. 

Viscosity. — This  was  determined  by  means  of  a  Redwood  viscosi- 
meter. 

Rotatory  power.— A  Hoffmann-Laurent  polarimeter  was  employed ; 
D  light,  and  200  millimetres  of  oil. 

Bromine  Absorption. — A  solution  of  bromine  in  dry  bisulphide  of 
carbon  was  used,  the  oil  being  also  dissolved  in  the  same  solvent. 
This  was  preferred  to  von  Hiibl's  iodine  absorption  method,  in  which  a 
mixed  reagent  (iodine  and  mercuric  chloride)  and  a  mixed  diluent 
(alcohol  and  chloroform)  are  used,  and  chlor-iodo  products  are  formed  ; 
while  in  the  former  method  a  more  definite  reagent  is  used,  with 
formation  of  bromine  addition-products  only. 
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Solubility  in  Alcohol. — One  volume  of  oil  was  shaken  up  with  three 
volumes  of  alcohol  of  specific  gravity  0-830  (at  60°  F.).  All  23  oils 
were  wholly  soluble  in  the  alcohol :  they  gave  clear  solutions,  which 
remained  clear  after  standing  for  a  couple  of  days. 
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The  specific  gravity,  time  of  efflux  (viscosity),  amount  of  potash 
required  for  saponification,  amount  of  bromine  absorbed,  and  also  the 
refractive  index,  as  indicated  by  the  oleo-refractometer  reading,  all  point 
to  practical  identity  in  composition  of  the  oils  examined. 

The  oils,  as  was  to  be  expected,  contain  appreciable  and  varying 
amounts  of  free  acid;  the  percentage  of  "potash  required  for  free 
acid  "  multiplied  by  5  gives  the  amount  of  free  acid.  The  lower  grades 
of  oil  contain  more  free  acid  than  the  higher  ones ;  thus  the  No.  1 
oils  contain  about  0-G  per  cent,  to  0'8  per  cent.,  most  of  the  "good 
second "  oils  about  2  per  cent.,  most  of  the  No.  3  oils  about  5  per 
cent.,  of  free  acid.  The  Kotapatam  oils  (except  the  No.  1)  contain 
less  free  acid  than  the  Pirpainti  oils. 

As  lubricants  the  oils  examined  should  be  equally  good,  judged  by 
their  viscosity  alone,  but  the  lower  grades  of  oil  would  be  likely  to 
cause  considerably  greater  corrosion  of  metal  bearings,  on  account  of 
their  greater  acidity. 

The  depth  of  colour  increases  in  proceeding  from  the  higher  to  the 
lower  grades  of  oil ;  colour  has  probably,  to  a  great  extent,  been  relied 
on  in  grading  the  oils. 

The  rotation  of  the  plane  of  polarisation  by  castor  oil  is  of  scientific 
interest.  Previously  recorded  observations  by  other  experimenters  are 
conflicting. 

The  results  were  nearly  the  same  with  all  23  oils ;  a  dextro-rotation 
of  about  8-5°.  The  comparatively  slight  variations  observed  with  so 
considerable  a  number  of  castor  oils  of  varying  origin,  justify  the 
belief  that  rotatory  power  is  a  property  of  the  glyceride  ricinolein, 
and  not  of  impurities  or  unknown  constituents  of  the  oil ;  the  amount 
of  the  latter  must  be  small  (castor  oil  gives  about  96  per  cent,  of  total 
fatty  acids),  and  would  need  to  have  a  most  unusually  high  rotatory 
power  to  produce  the  observed  effect. 

Turkey-red  Oil. — Castor  oil,  as  is  well  known,  finds  important  applica- 
tion in  Turkey-red  dyeing,  being  converted  into  Turkey-red  oil  by  the 
action  of  strong  sulphuric  acid  and  subsequent  neutralisation  with 
alkali.  From  the  general  similarity  in  chemical  composition  of  the  oils 
examined,  much  difference  in  their  behaviour  with  sulphuric  acid  was 
not  anticipated;  accordingly  only  three  oils,  Nos.  1549,  2527,  1564  (a 
first,  second  and  third  grade  oil,  respectively),  were  experimented  with. 
The  rise  of  temperature  on  stirring  50  grams  of  oil  with  10  c.c.  of 
pure,  strong  sulphuric  acid  (specific  gravity  1'844  at  15°  C.)  was  prac- 
tically the  same  with  the  three  oils,  about  62°  C. ;  63°,  61°,  60-5°  C., 
respectively.  100  grams  of  each  of  the  three  oils  was  treated  with 
33  grams  of  sulphuric  acid,  added  in  drops  with  constant  stirring, 
the  oil  being  cooled  externally  ;  the  rise  of  temperature  did  not  in  any 
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"xceed  17  C.,  and  the  evolution  of  sulphurous  acid  was  very 
slight.  The  three  products  were  left  for  a  couple  of  days,  and  were 
then  greenish-brown  in  colour  and  of  treacly  consistence,  there  being 
no  appreciable  difference  between  them  in  either  respect.  Each  was 
then  treated  with  1 70  grams  of  water  at  40=  C. ;  after  separation  of  the 
water,  the  washed  products  were  of  light  greenish-brown  colour  (Xo. 
1549  lightest  coloured.  Xo.  2527  next  lightest,  Xo.  1564  darkest),  and 
of  the  consistence  of  castor  oil.  They  were  then  four-fifths  neutralised 
with  caustic  soda  solution,  and  solution  of  ammonia  was  added  in 
moderate  excess.  All  three  gave  clear  liquids;  No.  1549  was  of  a 
golden-yellow  colour,  No.  2527  slightly  browner,  Xo.  1564  was  the 
brownest — a  brownish-yellow  or  light  yellowish-brown. 

Cohune  Nuts  from  British  Honduras, 

About  a  dozen  nuts  were  received,  and  with  one  exception  all  were 
without  shells.  The  nuts  were  about  the  size  and  shape  of  large 
nutmegs,  and  when  cut  with  a  knife  presented  the  appearance  of  cocoa- 
nut,  which  they  also  resembled  in  smell. 

These  nuts  are  the  product  of  the  Cohune  Palm,  Attalea  Cohune. 
The  Cohune  Palm  is  very  abundant  in  British  Honduras,  and  each 
tree  is  said  to  be  capable  of  furnishing  over  1000  nuts,  which  are 
known  to  be  rich  in  oil,  but  hitherto  have  been  little  utilised,  chiefly 
owing  to  the  difficulty  of  shelling. 

ui'-a?  E:i->tm>.iiuti'ji'.. — The  kernels  when  ground  were  found  to 
furnish,  by  extraction  with  ether,  rather  more  than  40  per  cent,  of  a 
fixed  oil  which  gradually  solidified  to  a  yellowish  fat,  having  the 
general  appearance  of  cocoa  and  palm  nut  oils.  The  oil  cake  left  after 
the  extraction  of  the  oil  was  found  to  contain  2-5  per  cent,  of  nitrogen, 
and  therefore  might  be  useful  as  a  feeding  cake. 

The  physical  and  chemical  constants  of  the  oil  have  been  determined 
with  the  following  results  : — 

Melting  point 18-20:  C. 

Solidifying  point    ......  15-16'C. 

Saponification  equivalent        ....  253'9-255-3 

Iodine  absorption  ......  12-9-1 3-6. 

The  fatty  acids  from  the  oil  melted  between  .  27  and  30°  C. 

It  thus  appears  that  Cohune  nut  oil  closely  resembles  cocoa  and 
palm  nut  oils,  and  could,  no  doubt,  be  utilised  for  the  same  purposes  as 
these  oils.  The  Cohune  oil  was  found  to  saponify  readily,  forming  a 
soap  which  was  almost  entirely  free  from  smell.  This  material  would 
therefore  probably  be  of  value  for  the  manufacture  of  the  finer  soaps. 
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Commercial  Valuation. — A  few  of  the  nuts  were  sent  to  a  well-known 
firm  of  brokers  who  were  informed  of  the  chemical  properties  and 
probable  uses  of  the  oil.  They  were  requested  to  furnish  a  commer- 
cial valuation,  and  to  state  their  opinion  on  the  question  of  removing 
the  very  hard  and  thick  shells  from  the  kernels. 

The  brokers  report  that  the  nuts  are  of  fine  quality  and  would 
probably  fetch  about  £1 5  per  ton,  if  delivered  shelled.  They  were 
unable  to  give  a  valuation  for  the  unshelled  nuts,  and  pointed  out  that 
it  would  probably  be  necessary  to  shell  them  by  hand,  which  would  be 
an  expensive  proceeding  in  England. 

There  would  appear  to  be  no  machine  suitable  for  shelling  these 
nuts  in  the  market,  and,  for  the  present  at  any  rate,  the  best  plan 
would  be  to  have  them  shelled  by  hand  in  the  Colony. 

In  the  event  of  further  action  being  taken,  this  Department  will 
bring  the  exporters  in  the  Colony  into  communication  with  brokers 
who  would  be  willing  to  take  charge  and  dispose  of  consignments  sent 
to  this  country. 

May,  1901. 

Mafoureira  Nuts  from  Lourenco  Marques,  received  through 
the  Foreign  Office  from  H.M.  Consul. 

Attention  has  been  drawn  by  Mr.  Vice-Consul  Parminter,  in  his 
report  on  the  trade  of  Inhambane  for  the  year  1900  (Foreign  Office 
Diplomatic  and  Consular  Report,  No.  2630,  Annual  Series),  to  the 
large  trade  which  is  being  done  with  France  in  the  Mafoureira  Nut. 
He  remarks : — 

"  This  year  there  has  been  a  very  large  trade  done  in  '  Mafoureira,' 
a  nut  containing  a  large  percentage  of  thick,  heavy  oil.  I  am  told  here 
that  this  nut  can  only  be  profitably  worked  at  Marseilles,  but  if 
lubricants,  and,  I  believe,  soap  and  candles,  can  be  made  in  France 
from  'Mafoureira,'  why  can  it  not  be  done  also  in  the  United 
Kingdom?  (Small  bags  of  samples  of  the  nut  will  be  sent  to 
manufacturers  on  application  being  made  to  this  office.)  The  supply 
is  practically  unlimited,  the  tree  bearing  the  nut  grows  wild  all  over 
the  country,  it  can  be  bought  here  for  very  little  more  than  ^d.  per 
kilo,  (about  42s.  a  ton),  and  it  sells  in  Marseilles  at  £8  per  ton. 
Freight  on  this  produce  to  Marseilles  comes  to  50s.  per  ton,  a  rate 
which,  owing  to  want  of  competition,  is  excessive." 

As  very  little  is  known  of  the  properties  of  these  nuts  in  this  country, 
they  were  first  submitted  to  chemical  examination. 

The  sample  sent  from  Lourenco  Marques  consisted  of  small  brown 
nuts  covered  with  a  thin  shell  which  is  easily  detached  by  rubbing. 
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The  average  size  of  the  nut  is  half  an  inch  in  length  and  about  a 
quarter  of  an  inch  in  diameter;  about  1600  nuts  weigh  one  pound. 
The  kernel  presents  a  very  oily  appearance  and  has  an  acrid  taste. 
The  amount  of  oil  is  so  large  that  it  is  not  possible  to  grind  the  nuts 
to  a  powder  with  a  pestle  and  mortar.  The  oil  can  be  readily  removed 
from  the  nuts  by  pressure  applied  to  the  warm  material,  and  it  is  very 
readily  removed  by  the  usual  solvents,  especially  by  ether,  which  was 
employed  for  the  purpose  of  these  experiments. 

Separating  the  kernels  from  the  easily  detachable  shells,  it  was 
found  that  the  kernels  amounted  to  88  per  cent.,  and  the  shells  to 
12  per  cent,  of  the  total  weight.  The  entire  nuts  furnished,  by 
complete  extraction  with  ether,  61  per  cent,  of  a  fatty  oil,  whilst  the 
kernels  alone  furnished  68  per  cent.,  and  the  shells  alone  14  per  cent. 

The  oily  constituents  of  the  nut  are  solid  at  the  ordinary  temperature, 
so  that  in  this  respect  the  material  resembles  fats  of  the  same  class  as 
palm  oil.  cocoanut  oil,  etc. 

When  submitted  to  chemical  examination  Mafoureira  fat  furnished 
the  following  results  : — 


Mi-ltiug 
point. 

•    Solidifying 
point. 

Aci«l 
value. 

Saponiti-    . 
cation 
value. 

Iodine 
value. 

Fat  from  entire  nuts 

.       37 

B2-5 

240 

55-8 

Fat  from  kernels  alone 

.       4n  '  C. 

^o:~:; 

42-4 

•241 

47'^ 

Further  examination  of  the  fat  showed  that  it  is  chiefly  composed 
of  palmitin  and  oleiii.  together  with  some  free  fatty  acid,  chiefly  oleic. 

It  is  clear  from  these  results  that  the  fat  from  Mafoureira  nuts  is  a 
valuable  product,  especially  if  it  is  obtained  from  the  kernels  without 
the  shells.  It  melts  at  a  higher  temperature  than  any  other  vegetable 
fat  of  this  class,  and  there  is  no  doubt  that  it  would  be  of  considerable 
value  for  the  manufacture  of  soap  and  candles.  Owing  to  its  acidity 
it  is  not  adapted  for  lubricating  purposes  without  special  treatment, 
and  the  same  remark  applies  to  its  employment  for  pharmaceutical  and 
edible  purposes.  It  is,  however,  a  product  which  deserves  far  more 
attention  than  has  been  hitherto  bestowed  upon  it. 

In  order  to  gain  precise  information  as  to  its  commercial  utility  and 
value,  samples  were  submitted,  together  with  the  above-mentioned 
results  of  its  chemical  examination,  to  a  well-known  firm  of  brokers 
in  this  kind  of  produce,  and  also  to  a  firm  of  soap  and  candle 
manufacturers. 

The  brokers  report  that  they  estimate  the  value  of  the  Mafoureira 
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nut  at  from  £8  to  £9  per  ton  delivered  in  Hull  in  consignments  of 
not  less  than  from  50  to  100  tons:  and  these  brokers  are  ready  to 
undertake  the  charge  and  sale  of  any  consignments  which  may  be 
forwarded. 

In  connection  with  this  estimate  it  should  be  remarked  that  there 
is  always  a  difficulty  in  obtaining  a  price  for  a  new  product  even  when 
its  properties  and  uses  can  be  exactly  indicated.  There  can  be  little 
doubt  that  if  a  regular  supply  were  sent,  prices  would  improve  as  the 
valuable  properties  of  these  nuts  became  more  fully  recognised. 

The  soap  and  candle  manufacturers  report  that  some  years  ago  their 
attention  was  directed  to  this  product,  but  apparently  no  business 
resulted.  They  are  of  opinion  that,  if  the  full  value  of  the  fat  from 
these  nuts  is  to  be  realised,  the  fat  should  be  expressed  on  the  spot, 
and  this  sent  to  the  London  market  instead  of  the  raw  material, 
following  the  practice  which  is  carried  out  with  such  success  in  the 
case  of  the  similar  fat  derived  from  Palm  kernels.  They  further 
remark  that  "the  great  difficulty  in  obtaining  a  proper  market  for 
new  commodities  of  this  description  lies  not  so  much  in  the  want  of 
value  in  the  articles  themselves,  as  of  the  difficulty  of  assuring  a 
constant  supply.  As  a  rule,  no  sooner  is  a  new  oil  put  on  the  market 
than  the  price  asked  makes  it  practically  prohibitive  for  it  to  be 
properly  exploited  over  here.  If  a  small  but  continuous  market  could 
be  created  at  the  commencement,  there  is  not  the  slightest  doubt 
that  this,  as  well  as  other  African  or  Colonial  oils,  etc.,  would  speedily 
find  an  increasing  sale,  and  their  proper  level  in  money  value,  and  this 
is  particularly  the  case  in  the  present  high  state  of  the  tallow  and 
allied  markets  generally." 

It  may  be  added  that  it  seems  probable  that  the  "  cake  "  remaining 
after  the  expression  of  nearly  all  the  oil  from  the  nuts  might  be 
utilised  as  a  feeding  material  for  cattle.  Chemical  examination  has 
shown  that  it  contains  nearly  the  same  percentage  of  nitrogen  com- 
pounds as  linseed  cake.  This  is  a  matter  which  requires  further 
investigation. 

In  the  light  of  these  reports  it  seems  desirable  for  H.M.  Consul 
at  Lourenco  Marques  to  ascertain  whether  it  would  be  possible  to 
arrange  for  the  crushing  and  pressing  of  the  oil  from  these  nuts  in 
South  Africa.  If  not,  he  should  ascertain  whether  it  would  be 
considered  remunerative  to  export  the  raw  material  at  the  provisional 
rates  stated  above. 

This  Department  will  be  glad  to  render  any  assistance  in  connection 
with  putting  this  material  on  the  market  here,  and  if  necessary  in 
ascertaining  whether  any  English  firm  in  South  Africa  would  be 
willing  to  undertake  the  expression  of  the  oil.  For  this  purpose  it 
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would   be  necessary  to  furnish  full  information  as  to  the  available 
supply  of  the  material,  and  as  to  the  agents  with  whom  such  firms 
might  be  put  into  communication. 
July,  1902. 


RUBBER  AND  GUTTA  PERCHA. 

THE  demand  for  rubber  and  gutta  percha  has  increased  very  largely 
during  recent  years,  and  doubts  have  been  expressed,  from  time  to 
time,  as  to  the  possibility  of  maintaining  an  adequate  supply  for  any 
lengthened  period.  Such  fears  have  been  chiefly  aroused  by  the  fact 
that  the  destructive  methods  of  collection  adopted  in  many  instances 
by  the  natives  have  led  in  some  cases  to  the  almost  complete  extermi- 
nation of  the  trees,  and  in  others  to  a  very  considerable  reduction  of 
the  output ;  but,  notwithstanding  this,  there  is  at  present  no  indica- 
tion that  any  serious  deficiency  in  the  supply  will  be  experienced  in  the 
immediate  future.  Attention  has,  however,  been  drawn  to  the  necessity 
for  more  stringent  control  over  the  methods  practised  in  collecting 
rubber  and  gutta  percha,  and  a  considerable  impetus  has  been  given  to 
the  movement  for  the  establishment  of  rubber  plantations  upon  a  large 
scale  in  suitable  localities.  Such  experimental  plantations  have  been 
already  laid  out  in  Burma,  Assam  and  other  parts  of  India,  also  in 
Ceylon,  the  Straits  Settlements,  the  West  Indies,  and  other  places,  and 
in  several  of  these  the  trees  are  now  well  established.  The  tree  most 
suitable  for  a  given  locality  has  to  be  determined  not  only  bv  the 
particular  climatic  conditions,  but  also  by  the  quality  of  the  rubber 
which  it  yields  in  the  new  habitat,  and  for  this  purpose  experimental 
tappings  must  be  made  from  time  to  time,  as  soon  as  the  plants  aiv 
sufficiently  old,  and  the  yield  and  quality  of  the  rubber  obtained 
carefully  determined.  So  far  rubber  equal  in  quality  to  the  best  Para 
has  not  been  obtained  from  the  same  tree  grown  in  India.  The  trees 
yielding  gutta  percha  are  much  more  limited  in  geographical  distribu- 
tion than  those  yielding  rubber,  being  practically  confined  to  the  Malay 
peninsula  and  the  adjacent  islands,  but  in  this  case  also  plantations 
are  now  being  established  and  similar  trials  instituted  as  hi  the  case 
of  rubber. 

The  following  reports  will  illustrate  the  method  which  has  been 
adopted  in  dealing  with  such  samples  of  rubber  and  gutta  percha 
submitted  for  examination  by  the  Governments  of  India  and  certain 
of  the  Colonies.  A  chemical  examination  of  the  constituents  of  the 
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material  has  been  first  conducted,  in  order  to  determine  the  com- 
position, after  which  specimens  have  been  submitted,  together  with 
the  results  of  their  chemical  examination,  to  rubber  manufacturers 
and  brokers  for  expert  opinions  and  valuation.  The  data  obtained 
in  this  way  have  been  communicated  to  the  authorities  concerned, 
together  with  suggestions  for  the  improvement  of  the  product. 

In  addition  to  the  well-known  trees  furnishing  rubber  and  gutta 
percha  there  are  many  others  which  yield  latices  giving  similar,  though 
not  identical,  products,  and  it  is  quite  possible  that  some  of  these 
might,  by  suitable  treatment,  be  rendered  fit  for  industrial  use.  A 
considerable  number  of  such  latices  have  been  obtained  from  different 
sources,  and  these  are  at  present  under  investigation. 

The  methods  employed  for  the  coagulation  of  the  latex,  both  of 
rubber  and  gutta,  are  in  many  cases  extremely  crude  and  empirical. 
The  effect  of  different  methods  of  coagulation  on  the  quality  and 
quantity  of  the  products,  as  well  as  the  nature  of  the  process  of 
coagulation  (at  present  little  understood),  are  subjects  to  which  the 
attention  of  the  Department  will  be  directed  in  the  near  future. 

Rubber  (Ficus  elastica)  from  India. 

This  sample  of  rubber  is  referred  to  in  a  letter  from  the  Officiating 
Reporter  on  Economic  Products  to  the  Government  of  India,  dated 
September  29,  1898,  which  enclosed  a  communication  from  the  Deputy- 
Conservator  of  Forests,  Darrang  Division,  Tezpur,  Assam,  stating  that 
the  rubber  had  been  tapped  experimentally  in  Compartments  Nos.  2 
and  3  of  the  Charduar  plantation. 

An  inspection  of  the  specimen  showed  that  it  had  not  been  well 
collected  or  prepared,  small  pieces  of  wood  and  other  extraneous  matter 
were  distributed  through  the  mass,  whilst  certain  portions  appeared 
to  have  been  damaged  by  heat.  Two  commercial  reports  have  been 
obtained,  one  from  a  large  manufacturing  firm  who  extensively 
employ  indiarubber ;  they  report  that  its  quality  is  very  poor,  and 
that  its  value  would  be  only  about  Is.  60?.  per  pound  delivered  in  this 
country.  The  second  report  is  from  a  firm  of  rubber  brokers,  who 
state  that  the  sample  might  realise  2s.  9c?.  per  pound,  but  they  remark 
that  it  has  been  badly  treated,  and  that  if  it  were  sent  in  good 
condition  it  would  be  worth  3s.  Id.  per  pound. 

It  is  understood  that  a  consignment  of  about  4  tons  of  the  Charduar 
rubber  will  be  sent  to  this  country  during  the  present  month.  ^  It  is 
to  be  hoped  that  this  rubber,  which  is  now  in  course  of  preparation,  may 
be  more  carefully  cleaned  and  treated  than  has  been  the  case  with  the 
sample  submitted  to  our  experts. 
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If    the   consignment    were   sent    to   the    Imperial    Institute    with 
instructions  to  obtain  several  valuations,  we  should  be  glad  to 
in  the  matter  by  obtaining  these,   and,  if  desired,  to  accept  for  the 
Forest  Department  the  highest  tender  for  the  consignment. 

February,  1899. 

Para  and  Ceara  Rubber  from  India, 

Para  Rubber  from  Burma. — The  sample  of  Para  rubber  (Register 
No.  11095)  derived  from  Hevea  brasiliensis  grown  in  the  Mergui 
Experimental  Gardens,  Burma,  has  been  submitted  to  well-known 
experts  for  valuation.  One  reports  that  it  is  a  fairly  clean  sample  of 
the  Mollendo  type,  value  about  3s.  8±,d.  per  pound.  The  other  expert 
states  that  the  sample  is  of  fairly  good  quality,  but  not  equal  to 
genuine  Para  rubber,  mainly  on  account  of  its  containing  partly 
decomposed  "sticky"  rubber.  It  is  suggested  that  this  deleterious 
constituent  may  have  been  derived  from  admixture  with  some  other 
latex  than  that  of  Hevea  brasiliensis.  Its  presence  considerably 
reduces  the  value  of  the  rubber,  since  it  renders  it  unfit  for  the 
construction  of  cable  and  other  similar  purposes.  Were  it  not  for  this, 
and  the  fact  that  the  sample  has  a  strong  acid  reaction,  which  may  not 
be  easy  to  remove,  the  rubber  itself  is  as  pure  as  genuine  Para.  The 
value  of  the  sample  submitted  may  be  put  at  between  '2s.  6(7.  and 
2.y.  9r7.  per  pound.  It  is  clear  from  these  two  reports  that  those 
responsible  for  the  collection  of  the  specimen  should  be  informed  of 
its  defects  and  asked  to  collect  a  new  sample,  taking  as  far  as  possible 
precautions  against  the  inclusion  of  the  impurities  referred  to.  It 
seems  probable  that,  if  the  rubber  were  properly  prepared,  it  might 
fetch  as  much  as  genuine  Para  rubber  in  the  English  market. 

Ceara  Rubber  from  Madras. — A  report  has  been  obtained  from  the 
same  experts  on  the  sample  of  Ceara  rubber  derived  from  Manih'A 
GJaziovii  (No.  10178),  grown  in  Coimbatore,  Madras.  Both  experts 
state  that  this  sample  is  of  inferior  quality,  that  it  has  been  badly 
prepared,  containing  a  good  deal  of  dirt  and  sand,  and  that  apparently 
it  has  been  heated.  On  account  of  these  defects  they  do  not  think 
it  would  fetch  more  than  Is.  id.  to  Is.  Gd.  per  pound  in  the  market. 

This  opportunity  is  taken  of  drawing  attention  to  the  importance 
at  the  present  time  of  examining  any  plants  whose  juices  appear  to 
coagulate  with  the  production  of  a  material  more  or  less  resembling 
rubber.  The  demand  for  this  material  is  yearly  increasing,  and  it  is 
possible  that  by  special  methods  of  treatment  several  plants  might 
be  made  to  yield  a  product  which,  if  it  does  not  possess  all  the 
valuable  properties  of  rubber,  might  at  least  be  employed  for  several 
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purposes  for  which  rubber  is  now  utilised.  Samples  of  any  such 
juices  should  be  sent  for  examination  to  this  Department,  and  for 
this  purpose  several  pounds  of  each  should  be  collected,  including 
not  merely  the  coagulum  of  rubber,  but  also  the  fluid  out  of  which 
the  material  has  separated.  Similar  samples  of  the  entire  latex,  the 
coagulum  and  serum,  from  the  Para  and  Ceara  trees  are  also 
requested.  From  the  chemical  point  of  view  it  is  most  important  that 
the  constituents  which  do  not  coagulate  should  be  examined  as  well  as 
the  coagulum  itself. 
January,  1899. 


Rubber  derived  from  Hevea  brasiliensis  grown  in  the 
Government  Plantations,  Mergui,  Burma. 

In  a  Flying  Seal  letter,  dated  Calcutta,  12th  July,  1900,  the  Reporter 
on  Economic  Products  states  that  he  is  forwarding  a  consignment 
of  113|  pounds  of  rubber  obtained  from  Hevea  brasiliensis,  and 
15|  pounds  of  rubber  obtained  from  Chavannesia  esculenta,  these 
rubbers  having  been  received  from  the  Officiating  Conservator  of 
Forests,  Tenasserim  Circle,  Burma.  He  requests  that  the  two  samples 
of  rubber  may  be  examined  and  valued,  and  afterwards  disposed  of  to 
the  best  advantage. 

It  was  not  until  February  llth,  1901,  that  a  sample  of  92£  pounds 
of  rubber  from  Hevea  brasiliensis  (No.  14,453)  reached  the  Depart- 
ment. The  sample  of  rubber  from  Chavannesia  esculenta  has  not  yet 
arrived. 

The  rubber  from  Hevea  brasiliensis  was  found,  on  examination,  to 
be  composed  of  two  different  specimens  ;  one,  the  major  portion,  in 
"balls,"  the  other  smaller  portion  in  thin  flat  "  cakes." 

The  "  balls  "  on  examination  showed  evidence  of  want  of  care  in 
collection  and  preparation.  Not  only  were  fragments  of  straw,  hair, 
wood,  and  extraneous  particles  included,  but  the  colour  and  "  sticky  " 
consistence  showed  that  parts  of  the  material  had  been  damaged  by 
over-heating.  In  appearance,  therefore,  this  sample  compared  very 
unfavourably  with  the  Para  rubber  of  commerce.  On  analysis  it  was 
found  to  contain  about  3  per  cent,  of  moisture  and  volatile  matter 
(lost  at  100°  C.),  and  about  2  per  cent,  of  resinous  constituents,  whilst 
it  did  not  entirely  dissolve  in  the  usual  solvents  for  indiarubber, 
neither  was  its  solution  so  easily  effected  as  is  the  case  with  ordinary 
Para.  The  amount  of  ash  (mineral  matter)  was  about  2  per  cent., 
which  is  much  higher  than  that  of  good  Para,  which  often  furnishes 
little  or  no  ash  at  all.  These  percentages  are  given  approximately, 
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since  it  was  found  that  different  "balls"  varied  somewhat  in  com- 
position. The  results  render  it  highly  probable  that  this  sample  would 
not  prove  as  satisfactory  for  technical  purposes  as  ordinary  Para 
rubber. 

The  flat  "cakes"  constituted  a  much  more  satisfactory  sample. 
They  consisted  of  clean  rubber  without  cavities,  containing  no 
extraneous  material  and  free  from  the  stickiness,  caused  apparently  by 
heating,  which  was  so  prominent  in  -the  "  balls."  On  analysis,  however, 
the  composition  of  the  "  cakes  "  was  found  to  closely  resemble  that  of 
the  "  balls  "  :  the  amount  of  moisture,  volatile  matter  and  resin  being 
about  the  same,  whilst  the  same  difficulty  was  noticed  in  dissolving 
the  rubber  in  the  usual  liquids,  and  there  was  about  the  same  quantity 
of  insoluble  material.  As  might  be  expected  from  the  absence  of 
extraneous  matter,  the  percentage  of  ash  was  much  lower,  namely, 
1  per  cent. 

It  is  clear,  therefore,  from  these  results  that  there  is  a  distinct 
chemical  difference  between  the  composition  of  the  Hevea  rubber  from 
Mergui  and  of  the  Hevea  (Para)  rubber  which  is  obtained  from  Brazil. 

The  specimen  was  next  submitted,  for  technical  examination  and 
report,  to  a  large  firm  of  users  of  indiarubber  for  electrical  and  other 
purposes.  They  state  that  the  material  contains  dirt  and  partially 
decomposed  rubber,  which  they  attribute  to  the  age  of  the  sample  and 
also  to  careless  preparation.  They  also  allude  to  the  larger  amount  of 
resinous  matter  as  compared  with  the  Hevea  rubber  derived  from  the 
Amazon  region.  They  infer  that  a  defective  method  of  curing  the 
rubber  probably  obtains  in  Burma.  They  do  not  regard  the  sample  as 
entirely  suitable  for  their  purposes,  and  offer  to  purchase  it  at  2s.  3d. 
a  pound. 

A  portion  of  the  sample  was  also  submitted  for  valuation  and 
report  to  a  well-known  firm  of  brokers  and  rubber  experts,  who 
state  that  it  is  very  similar  to  the  sample  previously  sent  to  them 
(see  preceding  report).  Since  their  report  on  the  previous  sample 
the  market  price  of  rubber  has  fallen  about  Is.  per  pound.  They 
are  of  opinion  that,  although  coming  from  the  same  tree,  this 
rubber  is  not  prepared  in  the  same  way  as  fine  Para  and  is  not 
nearly  so  strong  and  satisfactory  in  its  properties.  They  value  the 
sample  at  from  '2s.  Sd.  to  2s.  9c?.  a  pound,  and  on  drawing  their 
attention  to  the  occurrence  in  the  consignment  of  the  "  cakes,"  in 
addition  to  the  "balls,"  they  report  that  the  former  are  of  superior 
quality,  worth  fully  as.  '3d.  a  pound,  but  not  salable  at  this  price 
unless  submitted  in  large  quantity.  This  firm  of  brokers  offered  to 
dispose  of  the  entire  consignment  at  2s.  lOd.  a  pound.  Mr.  B. 
Ribbeutrop,  late  Inspector-General  of  Forests,  was  informed  of  the 
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action  which  had  been  taken  in  respect  of  this  consignment,  and  he 
advised  that  the  brokers  should  be  asked  to  put  up  the  "  balls  "  and 
"  cakes  "  for  auction  separately,  in  the  expectation  that  a  better  price 
would  thus  be  obtained.  This  accordingly  was  done,  with  the  result 
that  the  entire  consignment  of  82  pounds  of  "ball"  and  10  pounds 
of  "cake"  were  sold  at  2s.  8^d.  a  pound. 

The  results  recorded  above  show  that  the  Hevea  rubber  produced  in 
Burma  is  inferior  to  that  produced  in  South  America,  although  the 
"cakes"  now  submitted  are  very  superior  to  any  sample  hitherto 
received  from  Burma.  There  can  be  no  doubt  that  with  greater  care 
the  quality  of  the  Burmese  product  could  be  still  further  improved  and 
a  better  price  obtained.  The  "  cakes  "  included  in  the  present  con- 
signment seem  to  leave  little  to  be  desired  as  far  as  careful  collection 
goes,  but  the  interesting  point  remains  as  to  whether  the  larger 
amount  of  resinous  and  insoluble  constituents  in  the  Burmese,  as 
compared  with  the  Para  product,  are  entirely  due  to  differences  of  soil 
and  climate,  or  are  to  be  partly  or  wholly  attributed  to  treatment, 
incidental  to  collection  and  preparation. 
March,  1901. 
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Rubber  from  the  Maputa  District  of  Zululand,  received 
through  the  Agent-General  for  Natal, 

The  sample  consisted  of  a  small  piece  of  rubber  which  evidently  had 
been  improperly  collected,  some  wood  and  sand  having  been  included. 
Its  examination  showed  that  it  possesses  the  characteristics  of  true 
rubber.  It  dissolves  in  the  usual  rubber  solvents,  it  is  not  affected 
by  boiling  with  water,  nor  does  it  become  sticky  or  lose  its  elasticity 
by  exposure  for  some  hours  to  a  temperature  of  1 20°  C. 

As  far  as  chemical  examination  goes,  this  rubber  is  proved  to  be 
of  excellent  quality,  and  it  might  be  classed  with  the  best  specimens  of 
this  product,  if  more  care  were  taken  in  its  preparation. 

The  sample  has  been  submitted  to  a  firm  of  commercial  experts  in 
rubber,  who  state  that  its  value  in  its  present  condition  is  3s.  '2d.  per 
pound.  If,  however,  it  were  collected  free  from  extraneous  matter,  it 
would  be  worth  36'.  -id.  per  pound. 

It  will  be  seen,  therefore,  that  this  rubber  from  Zululand  is  likely 
to  be  a  valuable  commercial  product,  and  the  attention  of  those 
concerned  should  be  drawn  to  the  necessity  of  greater  care  being  taken 
in  its  collection. 

It  is  desirable  that  a  larger  and  more  carefully  collected  sample  (of 
about  one  pound)  should  be  submitted,  so  that  a  definite  opinion  as  to 
the  commercial  value  of  the  pure  material  may  be  obtained. 

November,  1900. 

Rubber  from  Zululand,  received  through  the  Agent-General 

for  Natal. 

The  sample  consisted  of  a  small  flat  cake.  Inspection  showed  that 
this  cake  was  composed  of  two  varieties  of  rubber—  one  consisting  of 
more  or  less  cylindrical  shreds,  varying  from  yellowish-white  to  red  in 
colour,  the  other  consisting  of  small  compact,  almost  black,  masses  of 
rubber  which  exhibited  a  white  interior  when  cut.  There  was  also 
included  in  the  cake  a  number  of  small  pieces  of  wood  and  other 
extraneous  substances.  The  material  presented  the  usual  character- 
istics of  ordinary  rubber  and  was  almost  entirely  free  from  stickiness. 

When  submitted  to  chemical  examination  an  average  specimen 
furnished  the  following  results  : — 

Ash          .......     1     per  cent. 

Loss  at  100°     ......     3-2         „ 

Resinous  constituents       .         .         .         .9  ,, 

The  rubber  was  found  to  be  completely  soluble  in  carbon  disulphide, 
chloroform  and  other  rubber  solvents.  When  heated  for  six  hours  at 
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100  C.  it  darkened  slightly  in  colour,  but  did  not  soften,  become  sticky, 
or  show  any  important  alteration  in  its  physical  properties.  After 
exposure  to  the  higher  temperature  of  110=  for  two  hours,  the  rubber 
was  still  unchanged. 

Although  not  homogenous,  the  sample  exhibits  the  physical  and 
chemical  properties  of  good  rubber. 

The  sample  was  now  submitted  to  rubber  experts  for  commercial 
valuation.  They  report  that  the  two  constituents  of  the  cake, 
referred  to  above,  differ  in  value ;  as  a  whole  the  material  is  worth 
about  '2s.  Gd.  per  pound,  the  "slabs"  of  blackish  rubber  alone  being 
worth  lx.  lid.  per  pound,  whilst  the  shredded  fragments  would  fetch 
from  2<<.  Sd.  to  2*.  9d.  per  pound.  The  experts  recommend  that  in  future 
these  two  constituents  should  be  kept  separate,  as  they  are  of  different 
value. 

It  will  thus  be  seen  that  this  rubber  is  of  good  quality,  and  there 
can  be  no  doubt  that  it  might  command  even  better  prices  than  those 
above  named,  if  greater  care  were  taken  in  its  collection  to  exclude 
extraneous  substances,  although  in  this  respect  the  present  sample 
shows  a  great  improvement  as  compared  with  that  reported  on  in 
November  1900.  The  lower  price  now  quoted  is  chiefly  dependent  on 
fluctuations  in  the  market  price  of  this  material. 
<ber,  1901. 

Rubber  (Ficus  elastica)  from  Kurseong,  Bengal. 

The  sample  received  (Xo.  10753/14439)  was  a  flat  porous  cake 
consisting  of  aggregated  shreds,  which  varied  in  colour  from  yellow  ish- 
white  to  dark  reddish-brown.  The  rubber  was  dry,  without  particular 
odour,  was  slightly  sticky  to  the  touch  and  contained  a  considerable 
amount  of  extraneous  vegetable  matter  in  small  fragments.  The 
shreds  were  elastic,  but  broke  rather  easily  when  stretched,  and  could 
be  welded  together  in  the  fingers.  When  heated  in  the  water-oven  it 
went  rather  sticky,  and  at  1:20'  C.  it  almost  completely  melted.  The 
rubber  showed  the  usual  behaviour  with  solvents. 

The  analytical  results  were  as  follows  : — 

Moisture      .......       0-8  per  cent. 

Resin 11-8     „      „ 

Caoutchouc 84-3     „„ 

"Dirt" 3-1     „       „ 

Ash  included  in  the  "  dirt "  .         .          .       0'8     „       „ 

Specimens  of  the  rubber  have  l>een  submitted  to  commercial  experts 
(brokers  and  manufacturers  using  rubber)  for  valuation.  They  report 
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that  its  value,  at  the  present  market  price,  is  from  Is.  IQd.  to  '2s.  Id. 
per  lb.,  the  latter  quotation  being  for  the  rubber  if  free  from  the  effects 
of  excessive  heat,  which  this  sample  exhibits  to  a  slight  extent. 

The  brokers  report  that  the  rubber  market  has  recently  been  passing 
through  a  period  of  depression,  but  that  prices  are  now  rising. 

August,  1902. 


Rubber   and  Gutta  Percha  collected   during  Colonel   Sparkes' 

Expedition  to  the  Bahr-el-Ghazal,  Soudan,  received  through 

the  Foreign  Office,  and  also  Rubber  from  Khartoum, 

Rubber  from  Colonel  Sparkes'  Expedition. 

I. — Two  samples  of  rubber  were  received.  (A)  A  round  ball  about 
2i  inches  in  diameter,  reddish-brown  in  colour,  showing  when  freshly 
cut  a  white  surface  which  rapidly  turned  red  on  exposure  to  the  air. 
Owing  to  the  rough  manner  in  which  it  had  been  collected  the  rubber 
contained  fragments  of  wood,  bark  and  leaves  to  the  extent  of  3  per 
cent.  These  were  removed  and  the  chemical  examination  was  made 
on  the  clean  rubber.  The  material  was  not  sticky  and  presented  the 
physical  characters  of  rubber  of  good  quality.  Its  properties  under- 
went no  appreciable  change  after  exposure  to  a  temperature  of  120°  C. 

The  chemical  analysis  furnished  the  following  results  : — 

Moisture      .         .         .         .         .         .  19 '8  per  cent. 

Resin  ........       4'7     ,,      ,, 

Ash 1-1     „      „ 

The  rubber  was  completely  dissolved  by  chloroform,  carbon 
disulphide  and  benzene,  and  almost  completely  by  ether. 

(B)  In  this  case  the  rubber  had  been  collected  by  rolling  on  a  small 
twig.  In  appearance  and  properties  it  was  identical  with  sample  (A), 
but  included  less  extraneous  vegetable  matter. 

Its  analysis  gave  the  following  results  : — 

Moisture        .         ...         .         .         .         .9-5  per  cent. 

Resin    ........     6-5     „      ,, 

Ash 0-9     „„ 

These  two  samples  represent  an  excellent  rubber  which  would  no 
doubt  command  good  prices  in  the  English  market,  especially  if  it 
were  more  carefully  prepared  so  as  to  exclude  foreign  substances. 

According  to  Colonel  Sparkes  this  rubber  originates  from  a  thick 
creeper  which  bears  a  round  edible  fruit  about  the  size  of  a  walnut 
and  reddish-brown  in  colour.  This  tree  is  abundant  all  over  the 
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Bahr-el-Ghazal  except  in  the  Dinka  districts  lying  to  the  north.  The 
latex  is  said  to  be  easily  extracted.  The  tree  in  question  is  known 
to  the  various  tribes  by  the  following  vernacular  names :  — "Xdala," 
"Odiloh,"  "Ngeleh,"  "Atilob."  Its  botanical  identification  is  not 
possible  in  the  absence  of  specimens  of  the  plant. 

Rubber  from  Khartoum. 

The  report  sent  from  the  Civil  Secretary's  Office,  Khartoum,  by  Mr. 
Davidson,  the  Manager  of  the  Bank  of  Egypt,  states  that  this  rubber- 
is  said  to  be  a  sample  sent  to  Khartoum  in  General  Gordon's  time, 
and  believed  to  have  come  from  the  Bahr-el-Ghazal,  and  that  there 
have  been  constant  enquiries  by  German  firms  as  to  the  supply  of  this 
material. 

The  rubber  consisted  of  two  hemispherical  pieces,  dark  brown  in 
colour  and  having  the  physical  properties  of  good  rubber.  A  small 
amount  of  vegetable  matter  was  included  in  both  pieces. 

Chemical  analysis  gave  the  following  results  : — 

Moisture      .......     l-25  per  cent. 

Resin  .......     5-28     „      „ 

Ash     ...  ....     4-17     „      „ 

It  is  evident  that  this  rubber  closely  resembles  the  two  rubbers 
collected  by  Colonel  Sparkes. 

All  three  samples  were  now  submitted,  together  with  the  results  of 
their  chemical  analysis,  to  a  well-known  firm  of  brokers,  who  in  their 
turn  communicated  with  a  large  firm  of  rubber  manufacturers. 

They  report  that  all  the  specimens  of  rubber  are  of  good  quality, 
and  if  sent  of  uniform  quality  and  free  from  admixture  with  vegetable 
matter  would  command  a  good  price.  The  value  of  the  present  samples 
is  stated  to  be  from  '2s.  to  '2s.  6d.  per  pound. 

The  manufacturers  who  were  consulted  are  anxious  to  obtain  a  small 
shipment  of  about  one  hundredweight,  in  order  that  they  may  make 
practical  trials  of  the  substance,  which  if  satisfactory  would  lead  to  a 
considerable  business  in  the  material. 

Information  as  to  whether  this  proposal  could  be  entertained,  and 
whether  such  a  consignment  could  be  forwarded  at  the  price  named  is 
requested. 

There  can  be  little  doubt  that  the  rubber  from  the  Bahr-el-Ghazal 
will  prove  to  be  an  important  commercial  product,  and  it  seems 
desirable  that  steps  should  be  taken  without  delay  to  ascertain  the 
amount  and  sources  of  supply  available,  and  then  to  bring  the  producers 
into  communication  with  English  merchants. 
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This  Department  will  be  happy  to  render  any  further  assistance  in 
the  matter. 

Gutta  Perchas  from  the  Bahr-el-Ghazal. 

The  following  description  of  the  specimens  is  given  by  Colonel 
Sparkes : — 

IT. — "  A  milky  substance  from  bark  of  a  tree  which  grows  to  the 
size  of  a  walnut  tree.  Plentifully  found  almost  all  over  the  country. 
Tree  has  an  edible  fruit  with  kernel  something  like  a  horse-chestnut, 
from  which  an  oil  is  extracted  which  makes  an  excellent  substitute  for 
cooking  butter. 

Name  of  Tree.  Language. 
Bak.  Golo. 

Yow.  Jur. 

Rak.  Dinka. 

Kori.  Bongo. 

"  The  tree  is  everywhere  known  under  the  name  given  it  by  Arab 
traders,  i.  e.  Lu  Lu." 

III. — "Taken  from  the  bark  of  a  creeper,  plentifully  found  between 
Tonj  and  Wau  rivers,  and  to  south  as  far  as  Niam  Niam  country. 

"  Fruit  looks  something  like  an  orange  and  tastes  like  a  sour  lime. 

Name  of  Tree.  Language. 
Bihi.  Golo. 

Apwamah.  Jur. 

Munoh.  Bongo. 

Apwamah.  Dinka. 

"  Called  by  Arabs  Abu-Khamir." 

IV. — "Taken  from  the  bark  of  a  big,  fine  tree  with  large  dark  green 
leaves.  Found  in  Wau,  Tonj,  and  Rek  districts,  and  to  south  as  far 
as  Niam  Niam  country,  but  not  as  plentiful  as  other  three.  Fruit  a 
juicy  berry  about  the  size  of  a  filbert. 

Name  of  Tree.  Language. 
Fungu.  Golo. 

Kubo.  Bongo. 

Kwell.  Jur. 

Kwell.  Dinka." 

All  these  samples  exhibited  somewhat  similar  properties,  being  dark 
brown  and  hard,  and  evidently  not  entirely  composed  of  gutta  percha. 
They  were  submitted  to  chemical  examination  with  the  following 
results  : — 
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Moisture. 

Ash. 

Resin. 

Gutta. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

N  ••  2. 

•2- 

7-0 

48-4 

19-5 

,,     3. 

0-9 

41-6 

ol-7 

3-7 

..      4. 

1-7 

63-5 

._..._> 

It  is  to  be  noticed  that  all  the  specimens  contain  much  resin,  and 
little  true  gutta  ;  No.  2  being  the  only  one  in  which  an  appreciable 
quantity  of  gutta  is  present. 

The  physical  properties  of  these  guttas  are  such  that  they  could  not 
be  classed  as  gutta  percha  for  commercial  purposes. 

The  specimens  have  been  submitted  to  brokers  in  this  country  with 
suggestions  as  to  the  purposes  for  which  they  might  be  employed,     ft 
far,  however,  these  have  led  to  no  result,  only  a  few  pence  per  pound 
being  offered  for  the  substance. 

It  is  possible  that  the  large  proportion  of  resin  in  the  product  may 
be  due  to  its  collection  not  having  been  made  at  the  proper  period  in  the 
growth  of  the  plants,  or  from  plants  too  immature  or  too  old.  As  the 
matter  is  important  it  would  be  worth  while  to  collect  specimens  from 
trees  of  various  age  and  at  different  stages  of  growth,  and  send  them 
correspondingly  labelled  for  examination  by  this  Department.  These 
circumstances  are  known  to  influence  the  quality  of  gutta  percha, 
though  as  yet  the  proper  conditions  have  not  been  precisely  defined, 
and  cannot  be  surmised  in  a  case  like  the  present  in  which  the  botanical 
name  of  the  plant  is  unknown. 

This  Department  will  l>e  glad  to  receive  samples  of  any  of  the  other 
products  which  were  collected  during  Colonel  Sparkes'  Expedition. 
In  particular  it  seems  desirable  to  submit  to  chemical  examination 
specimens  of  the  ironstone  to  which  he  alludes  in  his  report. 

J»l;>.    1902. 
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GUMS   AND   RESINS. 

AN  examination  has  been  made  of  a  number  of  little-known  Indian  gums, 
and  those  which  seemed  likely  to  be  of  use  in  pharmacy  and  confection- 
ery have  been  brought  to  the  notice  of  brokers  and  manufacturers.  The 
constituents  of  a  resin  derived  from  Callitris  verrucosa,  which  is  abund- 
ant in  Australia,  have  been  investigated,  and  a  paper  on  the  subject  is 
included  in  the  Scientific  Section  of  this  volume.  This  resin  possesses 
many  of  the  properties  of  Sandarac. 

Gums  from  India, 

During  recent  years,  owing  to  the  disturbed  state  of  the  Soudan,  the 
supply  of  genuine  gum-arabic  has  been  exceedingly  limited ;  and,  con- 
sequently, a  large  number  of  substitutes  have  appeared  in  commerce. 
Among  these  have  been  many  Indian  gums,  some  of  which,  such  as  the 
Ghatti  gums,  have  proved  to  be  of  considerable  value,  and  are  now 
regularly  found  on  the  London  market.  The  great  drawback  to  the  use 
of  many  other  Indian  gums  has  been  their  somewhat  variable  quality  and 
the  mixed  character  of  the  packages,  whereby  re-sorting  has  been  neces- 
sary on  arrival  in  this  country.  The  quality  and  quantity  of  the  gum 
yielded  by  any  particular  tree  is  largely  affected  by  external  conditions, 
such  as  climate,  soil,  and  time  of  collection,  and  much  useful  work  may 
be  done  in  India  by  determining  the  most  suitable  localities  for  the  most 
important  gum-producing  trees. 

The  following  statistics  show  the  great  development  which  has 
occurred  in  the  Indian  gum  trade.  In  1883-4  the  total  exports  of  gums 
and  resins  of  native  origin  were  only  2180  cwt.,  valued  at  Rs.  24,538  ; 
in  1885-6  they  had  increased  to  55,407  cwt.,  valued  at  Rs.  15,97,997, 
while  in  1888-9  they  had  further  increased  to  62,645  cwt.,  valued  at 
Rs.  28,27,999.  This  progress  has,  unfortunately,  not  been  maintained 
during  the  succeeding  years.  Since  the  year  last  quoted  both  the  out- 
put and  the  value  show  a  considerable  decrease.  Thus,  in  1892-3  the 
exports  were  42,372  cwt.,  valued  at  Rs.  9,61,164,  while  in  1895-6  they 
were  only  34,303  cwt.,  valued  at  Rs.  8,00,503,  this  being  an  increase 
upon  the  previous  year. 

The  gums  which  form  the  subject  of  this  report  were  received, 
through  Dr.  George  Watt,  from  Mr.  Gamble,  Conservator  of  Forests, 
School  Circle,  N.W.  Provinces  and  Oudh,  who  reported  that  the  local 
demand  for  these  gums,  which  are  procurable  in  the  forests  of  the 
Saharanpur  division,  is  not  very  good,  and  that  it  would  be  advantageous 
if  new  and  better  markets  could  be  found  for  this  class  of  product. 
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With  this  object  in  view,  specimens  of  four  gums  were  forwarded  to  the 
Imperial  Institute  for  chemical  examination  and  valuation.  The 
samples  were  described  as  follows : — 

(1)  Semla  (Bauhinia  retusd)  gum. 

(2)  Jingan  (Odina   Wodier)  gum. 

(3)  Pial  (Buchanania  latifolia)  gum. 
.  (4)  Salhar  (Bosicellia  serrata)  gum. 

The  first  three  are  gums  of  the  ordinary  type  :  the  last  is  a  gum- 
resin.  Small  samples  of  the  gums  were  supplied  to  several  London 
gum-brokers  for  valuation,  and  their  reports  are  summarised  below. 

The  only  previously  recorded  examination  of  these  gums  appears 
to  be  that  by  Dr.  S.  R  ideal  (Jonrn.  So<\  Chtrn.  fnd.,  May  1892), 
who  received  specimens  of  the  first  three,  together  with  other  Indian 
gums,  from  Professor  Pedler  of  Calcutta.  In  all  three  cases  the  speci- 
mens now  examined  differ  from  those  supplied  to  him,  and  his  results 
aii-.  therefore,  quoted  for  purposes  of  comparison. 

I. — SEMLA  GUM  (BAUHIXIA  RETUSA). 

According  to  the  Dictionary  of  Economic  Products  of  India  (Vol.  I. 
p.  423),  this  tree  "  yields  a  clear  gum  called  Semla  gond,  almost  exactly 
resembling  gum-arabic "  ;  while  it  is  stated  in  the  Pharmacographia 
'  that  "several  of  the  Bauhinias  yield  a  partially  soluble  gum. 
which  is  known  as  Sem  or  Semla  gum."  The  sample  of  the  gum 
examined  by  Dr.  Rideal  was  obtained  from  the  X.W.  Provinces  and 
Oudh.  It  resembled  Indian  gum-acacia  in  colour  and  dissolved  in 
water,  forming  a  light  brown  solution.  It  yielded  3*28  per  cent,  of  ash 
and  contained  10-49  per  cent,  of  moisture. 

The  sample  received  from  Mr.  Gamble  consisted  of  large  rounded 
tears  and  irregular  masses,  together  with  small  angular  fragments.  The 
tears  were  fissured,  opaque,  and  brittle,  breaking  easily  with  a  vitreous 
fracture,  and  were  brown  in  colour.  The  fragments  were  translucent, 
and  varied  in  colour  from  yellow  to  brown.  The  gum  was  odourless  :  it- 
taste  was  bland  and  mucilaginous,  though  the  solubility  in  the  mouth 
was  only  slight.  The  percentage  of  moisture  in  the  natural  gum  was  13-5, 
and  the  dried  gum  yielded  3*18  per  cent,  of  ash.  When  mixed  with 
twice  its  weight  of  water,  it  swelled  up,  absorbing  the  whole  of  the  water, 
and  formed  a  stiff  gelatinous  mass,  in  which  the  shape  of  the  individual 
tears  was  maintained.  It  absorbed  in  this  way  about  six  or  eight  times 
its  weight  of  water.  A  10  per  cent,  solution,  made  for  determining  its 
comparative  viscosity,  yielded  a  mucilage  so  thick  that  it  could  not  be 
manipulated.  A  5  per  cent,  solution  was  therefore  employed.  Even 
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with  this  dilution,  a  considerable  quantity  of  the  gum  remained  in- 
soluble, and  was  removed  by  straining  through  muslin.  The  viscosity 
of  the  clear  mucilage  was  considerably  greater  than  that  of  a  solution  of 
good  gum-arabic  of  double  its  strength.  (See  Table,  p.  162.) 

The  solution  was  not  precipitated  by  neutral  lead  acetate,  but  with 
the  basic  acetate  it  formed  an  opaque  white  jelly.  It  was  also  immedi- 
ately gelatinised  by  the  addition  of  ferric  chloride.  The  gum  con- 
tained no  starch  and  only  a  trace  of  sugar. 

II. — JINGAN  GUM  (ODINA  WODIER). 

The  following  is  the  description  of  this  gum  given  in  the  Dictionary 
of  Economic  Products  of  India  (Vol.  V.  pt.  ii.  p.  445).  "  From  wounds 
and  cracks  in  the  bark  of  this  tree  there  issues  a  gum,  at  first  yellowish- 
white  in  colour,  which  takes  on  a  brownish  tinge,  and  afterwards,  if  it 
falls  to  the  ground,  becomes  blackish.  It  usually  exudes  in  October, 
and  occurs  partly  in  tears  of  a  yellowish  tinge,  partly  in  colourless 
angular  fragments,  which  are  full  of  fissures  like  those  of  gum-arabic. 
It  has  a  disagreeable  taste,  is  not  astringent ;  about  one-half  is  com- 
pletely soluble  in  water  ;  the  remaining  portion  forms  a  slimy  mucilage, 
but  is  not  gelatinous." 

Dr.  Rldeal's  sample  of  this  gum  was  obtained  from  Secunderabad.  It 
occurred  in  dark  brown  lumps,  and  was  partly  soluble  in  water,  the 
remainder  swelling  up.  The  resulting  mucilage  was  of  very  feeble 
viscosity.  The  gum  contained  18'09  per  cent,  of  moisture,  and  3'52 
per  cent,  of  ash. 

The  specimen  now  examined  consisted  of  small  rounded  tears  and 
angular  fragments,  with  a  few  larger  irregular  masses.  The  tears  were 
opaque  and  fissured,  the  fragments  translucent.  The  gum  had  very 
little  taste,  a  slightly  sour  odour,  and  varied  from  white  to  yellowish- 
white  in  colour.  It  contained  12-3  per  cent,  of  moisture,  and  the  ash 
in  the  dried  gum  amounted  to  3-73  per  cent.  It  was  completely  soluble 
in  twice  its  weight  of  water,  forming  a  rather  thin  mucilage  of  a  light 
brown  colour,  which  possessed  considerable  adhesive  power.  The 
viscosity  of  the  mucilage  will  be  seen  from  the  Table  (p.  162)  to  be 
rather  less  than  that  of  a  solution  of  good  gum-arabic  of  similar 
strength. 

"With  neutral  and  basic  lead  acetate,  as  well  as  with  ferric  chloride, 
the  solution  behaved  exactly  as  the  preceding  sample.  It  contained 
no  starch,  but  had  a  marked  reducing  action  on  Fehling's  solution, 
indicating  the  presence  of  sugar. 
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III.  -  PlAL    GUM    (Bl'CHAXAXIA    LATIFOLIA). 


In  the  Dii.-twit'trt/  <,f  E'-oiujnU'-  Produ<-t<  of  India  (Vol.  I.  p.  544),  it 
is  stated  that  "  a  pellucid  gum  exudes  from  wounds  on  the  stem,  more 
than  half  soluble  in  water,  and  is  reported  to  resemble  Bassora  gum. 
It  occurs  in  irregular  broken  fragments,  brittle,  pale,  horn-coloured, 
tinged  with  brown,  tasteless,  soluble  in  water  except  a  small  insoluble 
portion  of  bassorin."  The  sample  supplied  to  Dr.  Rideal  came  from 
Betut,  in  the  Central  Provinces.  It  resembled  true  gum-acacia  in 
appearance,  being  nodular  and  covered  with  fissures.  It  dissolved 
readily  in  water,  forming  a  pale  yellow  liquid,  which  was  only  very 
slightly  adhesive.  It  yielded  4-65  per  cent,  of  ash,  and  contained 
20'73  per  cent,  of  moisture. 

The  present  sample  consisted  of  large  irregular  masses,  tears  and 
small  fragments.  The  tears  were  fissured  and  opaque  ;  the  fragments 
were  clear  and  glassy,  as  also  were  the  larger  masses.  The  latter 
contained  considerable  quantities  of  impurity,  in  the  shape  of  pieces  of 
bark,  etc.,  and  the  whole  sample  was  contaminated  with  vegetable 
It  had  little  taste  or  odour,  and  the  fragments  varied  in  colour 
from  yellow  to  reddish-brown.  The  amount  of  moisture  present  in  the 
gum  was  14'2  per  cent.,  and  the  dried  gum  yielded  6-27  per  cent,  of 
ash.  The  gum  was  not  entirely  soluble  when  mixed  with  twice  its 
weight  of  water,  a  portion  swelling  up  and  forming  a  gelatinous  mass, 
which  remained  undissolved.  When  making  the  solution  for  the 
:ty  determination,  the  quantity  of  this  insoluble  portion  was 
approximately  determined  and  found  to  be  about  10  per  cent.  The 
mucilage  obtained  by  treating  the  gum  with  twice  its  weight  of  water 
was  thick,  dark  in  colour,  and  possessed  strong  adhesive  properties.  Its 
viscosity  was  much  greater  than  that  of  a  solution  of  gum-arabic  of 
similar  strength.  It  gave  the  usual  reactions  of  gum-acacia,  behaving 
with  neutral  and  basic  lead  acetate  and  ferric  chloride  exactly  as  the 
two  previous  samples.  It  contained  no  starch  and  only  a  trace  of 
sugar. 

TABLE  OF  COMPARATIVE  VISCOSITIES. 

The  viscosity  of  the  solutions  yielded  by  these  gums,  compared  with 
that  of  a  solution  of  the  best  gum-arabic,  was  determined  by  the 
usual  commercial  method,  viz.  by  noting  the  time  taken  by  50  c.c.  of  a 
10  per  cent,  solution  to  flow  from  a  burette  fitted  with  a  fine  nozzle 
In  the  case  of  the  gum  from  Bauhinin  retusa  a  5  per  cent,  solution 
•was  employed.  The  following  table  gives  the  results  obtained  :  — 

M 
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Burette  time 
Strength.  in  seconds. 

Gum-arabic      .       .  .10  per  cent.  .  .       78 

Odina  Wodier        .  .     10      „  58 

Buchanania  latifolia          10       ,,  .  .184 

Bauhinia  retusa                    5       „  .  200 

It  appears  from  these  results  that  a  solution  of  the  gum  from  Odina 
Wodier  possesses  about  three-fourths  of  the  viscosity  of  a  similar 
solution  of  gum-arabic  ;  that  of  the  gum  from  Buchanania  latifolia  is 
more  than  twice,  and  that  from  Bauhinia  retusa  nearly  eight  times  as 
viscous  as  gum-arabic  solution  of  the  same  strength,  but  it  must  be 
borne  in  mind  that  these  numbers  are  only  roughly  comparative. 

The  differences  in  the  solubility  of  the  present  samples  compared 
with  those  examined  by  Dr.  Rideal  are  interesting,  as  showing  the 
extreme  variation  to  which  gums  derived  from  the  same  trees  are  liable. 
This  may,  perhaps,  be  accounted  for  by  difference  of  climate,  time  of 
collection,  etc.  It  is,  however,  an  important  point,  as  it  is  very 
desirable  that  gums  intended  for  the  home  market  should  be  of  uniform 
quality. 

IV. — SALIIAR  GUM  (BOSWBLLIA  SERRATA). 

This  is  a  gum-resin,  closely  related  to  the  ordinary  frankincense  of 
commerce.  The  latter  is  yielded  by  several  species  of  Boswellia,  chief 
among  which  is  B.  Carterii,  which  inhabit  the  Somali  coast  of  Africa, 
near  Cape  Guardafui,  and  also  the  southern  coast  of  Arabia.  Incisions 
are  made  in  the  bark,  when  the  gum-resin  exudes,  at  first  liquid,  but 
quickly  hardening  on  exposure  to  air.  It  is  then  collected,  and  the 
greater  part  is  carried  by  Arab  traders  to  Bombay,  which  is  the  great 
emporium  for  the  drug,  whence  it  is  re-exported  to  Europe. 

The  indigenous  Indian  plant,  B.  serrata,  yields  a  gum-resin  when 
treated  in  a  similar  way.  It  is  stated,  however,  that  none  of  the  latter 
has  hitherto  found  its  way  into  commerce,  being  almost  entirely 
consumed  in  Central  and  Northern  India. 

The  sample  supplied  consisted  of  small  rounded  tears  and  larger 
irregular  masses.  The  tears  were  yellowish  in  colour,  opaque  and 
brittle,  breaking  with  irregular  waxy  fracture ;  the  masses  were  light 
brown  in  colour,  opaque  and  much  softer  than  the  tears.  The  odour 
and  taste  were  strongly  terebinthinous.  The  gum-resin  readily  burned, 
giving  off  its  characteristic  aromatic  odour. 

Its  chemical  composition  was  found  to  be  as  follows  : — 

Resin       .     53-2  per  cent.     Gum         .     36'45  per  cent. 
Volatile  oil     7-0  Ash  1'55 
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The  gum  was  almost  completely  soluble  in  water,  and  the  mucilage 
gave  the  ordinary  reactions  of  guni-arabie. 

Owing  to  the  small  quantity  of  the  gum-resin  supplied,  the  amount 
of  the  volatile  oil  obtained  was  insufficient  for  a  complete  examination. 
The  greater  portion  boiled  at  157-  C.,  after  which  the  temperature  rose 
to  over  170:  C.,  but  the  quantity  of  liquid  left  was  too  small  to  continue 
the  experiment. 

Previous  analyses  of  true  frankincense  have  been  published  by 
Braconnot  (J/</»?^;.?  de  Chimie,  [2]  68,  60)  and  Kurbatow  (/?"•<?.-••  •/</•<>? 
/•'/•  Chemie,  [2]  7,  201). 

Braconnot  found — resin  56  per  cent.,  soluble  gum  30  per  cent.} 
insoluble  gum  6  per  cent.,  and  volatile  oil  8  per  cent.  Kurbatow  gives 
the  following  figures — resin  72  per  cent.,  gum  21  per  cent.,  volatile  oil 
7  per  cent.  He  also  separated  the  volatile  oil  into  a  terpene  boiling  at 
156-15S:  C.,  which  he  termed  olibene,  and  a  small  oxygenated  portion 
boiling  above  1 75°  C.  "NVallach  has  recently  examined  the  oil  from 
true  frankincense  and  has  shown  that  olibene  is  identical  with  laevo- 
pinene,  and  that  dipentene  is  contained  in  the  higher  boiling  fractions 
(Liebig's  AnnoJen,  252,  94).  From  a  comparison  of  these  analyses  it 
will  be  seen  that  the  gum-resin  from  E.  serrato.  is  almost  identical  in 
chemical  composition  with  that  obtained  from  the  other  species  of 
Via,  which  forms  the  frankincense  of  commerce.  There  is,  there- 
fore, no  apparent  reason  why  this  Indian  gum-resin  could  not  be  used 
in  place  of  the  African  or  Arabian  product.  At  the  present  time 
there  is  little  demand  for  frankincense  in  this  country,  its  chief  use 
being  as  an  ingredient  of  incense. 

Since  the  commercial  value  of  the  gums  of  the  Acacia  type  must 
depend  on  other  circumstances  than  those  connected  with  their  chemical 
properties,  as,  for  example,  colour,  size,  freedom  from  contamination 
with  extraneous  substances,  etc..  it  was  thought  desirable  to  obtain  the 
opinions  of  several  of  the  best-known  London  dealers  in  gums.  They 
were  each  supplied  with  small  representative  samples  of  the  three  gums, 
and  were  asked  to  furnish  a  report  on  their  probable  commercial  value. 
The  four  reports  which  have  been  received  may  be  summarised  as 
follows : — 

(1)  These  brokers  report  that  Odina  Wodier,  chiefly  on  account  of 
its  solubility,  would  be  the  most  readily  salable.  The  less  soluble 
varieties,  Bfwhinia  retusa  and  Buckanania  latifolia,  they  consider  of 
small  value,  as  large  quantities  of  similar  gums  are  received  in  this 
country  from  Persia.  They  are  chiefly  bought  by  Continental  dealers, 
and  are  said  to  be  treated  by  some  special  process  and  rendered  soluble. 
Prices  for  these  inferior  gums  are  not  large,  from  ten  to  twenty  shillings 
per  hundredweight. 


16-4  TECHNICAL   REPORTS. 

(2)  The  brokers  report  that  there  is  on  the  English  market  a  large 
quantity  of  all  kinds  of  East  India  gums,  which  renders  it  very  difficult 
to  dispose  of  inferior  qualities.     The  only  sample  which  they  consider 
would  command  a  free  market  is  that  of  Odina  Wodier.     With  refer- 
ence to  Bauhinia  retusa  it  is  remarked  that  this  gum  closely  resembles 
Persian  or  Bassora  gum,  but  is  not  considered  to  possess  at  the  present 
time  any    commercial  value.      Odina   Wodier  is  compared  with  Cape 
gum,  and,  like  it,  might  be  used  for  preparing  pale-coloured  mucilages 
and  for  mixing  with  gum-acacia  to  reduce  the  cost  of  the  latter.     Its 
value  is   stated   to   be   between    25s.   and   30s.    per    hundredweight. 
Buchanania  latifolia  is  described  as  a  gum  of  inferior  quality,  only 
partially  soluble,  containing  a  large  quantity  of  extraneous  matter. 
It  might  be  useful  for  cheap  manufacturing  purposes,  where  the  dark 
colour  would  not  be  detrimental.     It  is  likely  to  fetch  20s.  per  hundred- 
weight.    These  brokers  remark  that  it  is  desirable  when  introducing  a 
new  gum  to   ship  it  in  large  quantities   of   not  less  than,  say,  five 
tons,  as  English  consumers  will  not  trouble  to  substitute  new  gums 
unless  they  are   certain   of   obtaining   a  constant  supply  of   average 
quality. 

(3)  The  brokers  report  that  all  the  samples  are  of  inferior  quality. 
Bauhinia  retusa  is  probably  worth    15s.  to  20s.   per  hundredweight. 
Odina  Wodier,  which  they  remark  has  been  carelessly  collected  and  is 
largely  mixed  with  earthy  matter  and  wood,  would  fetch  from  20s.  to 
35s.  per  hundredweight.     Buchanania  latifolia  they  report  to  be  of 
little  value. 

(4)  Buchanania  latifolia  is  described  as  too  insoluble  to  be  of  much 
value.     Bauhinia   retusa   is    an    inferior   gum    worth   about  10s.   per 
hundredweight.     Odina    Wodier  is   the   most   valuable   of  the   three 
samples  submitted,  but  its  appearance  is  much  against  it.    If  a  constant 
supply  could  be  obtained,  and  if  more  care  be  taken  in  collecting  it,  it 
could  probably  be  sold  at  from  30s.  to  35s.  per  hundredweight. 

It  will  be  seen  from  these  commercial  reports  that  it  would  be 
worth  while  to  pay  some  attention  to  the  exportation  of  Odina  Wodier, 
but  it  would  evidently  be  necessary  that  greater  care  should  be  taken 
in  the  collection  of  the  gum,  and  that  the  inclusion  of  extraneous 
matter  should  be  avoided.  It  would  probably  be  desirable  to  pick  out 
the  better  pieces  which  are  nearly  free  from  colour,  and  send  them  as  a 
separate  consignment  of  first  quality,  the  coloured  and  contaminated 
fragments  being  included  in  a  separate  consignment  of  second  quality. 
It  also  appears  that  Buchanania  latifolia  might  be  worth  exporting  if 
greater  care  were  taken  in  its  collection,  and  especially  if  large 
quantities  of  slightly  coloured  fragments  could  be  put  on  the  market. 
One  firm  of  brokers  who  reported  on  the  samples  offered  to  take  charge 
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and  dispose  of  any  consignments  of  these  guins  which  may  be  sent  to 
this  country. 
February,  I 

V. — GUM  OF  PRUXUS  KBURXEA. 

This  product  was  sent  from  Baluchistan  by  the  Reporter  on  Economic 
Products  for  valuation.  It  has  been  examined  in  the  same  manner 
as  the  gums  which  formed' the  subject  of  the  preceding  report. 

This  gum  consisted  of  small  rounded  fragments  permeated  with 
small  cracks,  and  varying  in  colour  from  light  brown  to  nearly  white. 
In  general  appearance  the  fragments  resemble  those  of  pure  gum  arabic. 
Small  pieces  of  bark,  leaves  and  other  vegetable  matter  were  included 
in  certain  of  the  fragments  :  the  inclusion  of  these  should  be  avoided 
by  more  careful  collection. 

When  mixed  with  cold  water  the  gum  gradually  goes  into  solution, 
the  process  being  facilitated  by  allowing  the  mixture  to  stand  for  some 
hours,  then  pouring  off  the  thick  mucilage  and  adding  a  fresh  quantity 
of  water  to  the  residue,  which  is  finally  completely  dissolved.  Unless 
the  solution  of  the  gum  is  effected  by  the  addition  of  successive  quantities 
of  water  in  this  manner,  it  is  dissolved  very  slowly  and  with  consider- 
able difficulty,  owing  to  the  very  viscous  solution  which  the  gum 
produces  in  dissolving  in  water.  With  this  precaution  the  gum  of 
Prunus  tlnritut  will  be  found  to  be  completely  soluble  in  water,  except 
for  any  fragments  of  extraneous  matter  which  may  have  been  included 
in  the  material.  The  solution  in  water  is  nearly  colourless  and  highly 
viscous,  far  more  so  than  a  solution  of  gum  arabic  of  the  same  strength, 
from  which  it  differs,  however,  in  possessing  scarcely  any  adhesive 
power.  On  this  account  fragments  of  the  gum  dissolved  in  the  mouth 
produce  little  or  no  stickiness. 

Its  aqueous  solution  is  rendered  slightly  turbid  by  the  addition  of 
alcohol,  but  it  is  not  affected  by  solutions  of  lead  acetate  or  ferric 
chloride,  and  does  not  reduce  Fehling's  solution. 

The  amounts  of  moisture  and  of  ash  were  determined  with  a  repre- 
sentative specimen.  The  moisture  was  found  to  be  12-8  per  cent.,  and 
the  a.sh  2  per  cent. 

The  most  remarkable  feature  of  this  gum  is  the  high  viscosity  and 
small  adhesive  power  of  its  solution.  An  approximate  determination 
of  its  viscosity  was  made  as  before  described.  The  burette  time  was 
105  seconds,  a  solution  of  gum  arabic  of  the  same  strength  gi ving  22.1, 
seconds.  Its  aqueous  solution  is  therefore  about  five  times  as  viscous 
as  one  of  gum  arabic  of  the  same  strength,  whilst  its  adhesive  power  is 
vt-ry  small. 

The   combination    of   these    two  properties  marks  out  the  gum  of 
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Prunus  eburnea  as  likely  to  be  of  considerable  value  in  pharmacy  and 
confectionery,  for  instance,  in  the  manufacture  of  jujubes,  and  it  is 
desirable  that  the  attention  of  those  engaged  in  these  industries  should 
be  drawn  to  the  product,  that  is  if  a  considerable  demand  for  it  could 
be  met  in  India. 

Two  commercial  valuations  of  the  gum  have  been  obtained.  One 
was  procured  by  the  Deputy  Conservator  of  Forests,  Baluchistan, 
from  Messrs.  D.  J.  Keymer  and  Co.,  who  value  it  from  42s.  6d.  to  45s. 
per  hundredweight. 

At  Dr.  Watt's  request  another  valuation  was  obtained  from  Messrs. 
Bowyer  and  Bartlett.  These  brokers  described  it  as  similar  to  "  Persian 
Insoluble  Arabic,"  and  quoted  from  19s.  to  22s.  per  hundredweight 
according  to  quality.  The  description  of  this  gum  as  "  insoluble  "  is 
incorrect  as  explained  above,  and  there  is  little  doubt  that  if  this 
report  on  the  exact  properties  of  the  gum  were  communicated  to 
manufacturers,  so  that  they  may  be  aware  of  the  special  peculiarities 
of  this  substance,  a  better  price  would  be  offered. 

It  has  been  ascertained  that  an  entirely  independent  valuation  of  this 
gum  has  been  obtained  by  Mr.  Royle.  A  report  has  been  made  to 
him  by  Messrs.  Rowntree  and  Co.,  of  York,  who  have  expressed  their 
willingness  to  take  trial  shipments  of  this  and  certain  other  gums, 
in  order  to  obtain  fuller  information  as  to  their  suitability  for  the  manu- 
facture of  confectionery.  It  is  clear,  however,  that  these  manufac- 
turers are  not  aware  of  the  special  peculiarities  of  the  gum  of  Prunus 
eburnea,  which  they  refer  to  as  only  "partially  soluble." 

Before  taking  any  further  action,  information  is  requested  as  to 
whether  a  commercial  supply  of  this  gum  is  available,  and  at  what 
price  its  sale  would  be  considered  remunerative  by  those  concerned  in 
its  production.  Steps  will  then  be  taken  to  bring  its  merits  under  the 
notice  of  manufacturers. 

Prom  the  sample  examined  it  is  obvious  that  the  gum  could  be  so 
picked  as  to  be  represented  by  two  qualities;  one  consisting  of  the 
almost  colourless  fragments,  and  the  other  a  second  quality,  of  the 
more  or  less  "coloured  pieces.  Care  should  be  taken  in  collecting  to 
avoid  as  far  as  possible  the  inclusion  of  foreign  particles. 

This  opportunity  is  taken  of  emphasising  the  importance  of  sub- 
mitting Indian  products,  wherever  possible,  to  scientific  examination 
before  they  are  sent  for  commercial  valuation.  Brokers  and  even 
manufacturers,  as  a  rule,  subject  such  products  to  very  superficial 
examination,  consisting  usually  of  a  comparison  of  their  obvious 
characters  with  those  of  the  commercial  standard.  Judged  in  this 
way  the  gum  of  Prunus  eburnea,  for  example,  would  be  classed  as  an 
insoluble,  or  partially  soluble  gum,  and  considered  of  lower  value  than 
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gums  of  the  arabic  class,  whereas  the  results  of  the  scientific  examin- 
ation, in  which  the  properties  and  characteristics  are  precisely 
determined,  show  that  by  a  slight  modification  in  the  method  of  treat- 
ment the  gum  is  put  into  a  different  class  in  which  it  ought  to  command 
a  higher  price. 

A>  far  as  can  be  judged  at  present,  the  physical  and  chemical 
characters  of  this  gum  are  such  as  to  i-ender  it  of  special  value  for 
certain  purposes,  a  result  which  it  is  very  improbable  would  have  been 
reached  by  the  broker  or  manufacturer  in  the  ordinary  way  of 
busii 

It    would    be    desirable    to   submit    all    the    gums  sent  to    M- 
llowutree  to  scientific  examination,   and  this  work  has  been  already 
commenced  with  the  samples  now  in  the  Indian  Section. 

It  would   have  been  better  had  this  further  series  of  Indian  gums 
been  submitted  in  the  first  instance  to  this  Department  in  continuation 
of  those  reported  upon  in  1897. 
1901. 


Gum  from  Southern  Nigeria,  received  from  the  Acting 
Secretary,  Old  Calabar, 

This  gum,  stated  to  be  copal,  proves  on  examination  to  belong 
to  an  entirely  different  class.  Unlike  copal  it  does  not  dissolve  in 
alcohol,  and  is  therefore  useless  for  the  manufacture  of  varnish.  When 
treated  with  water  it  does  not  dissolve  like  gum  arabic,  but  swells  up 
enormously.  Insoluble  gums  of  this  class  are  sent  in  large  quantities 
from  India  and  Persia  to  the  English  market. 

hese  gums  are  of  small  commercial  value,  it  would  not  be  worth 
while  at  present  to  export  the  gum  from  the  Protectorate. 

Jfanh,  1902. 

Turpentines  from  Burma, 

These  samples  of  the  crude  turpentine  yielded  by  P>n>.i$  Kh»->/a  and 
Pinii*  J/.  rkiixii  were  forwarded  from  Burma  to  the  Imperial  Institute, 
and  were  submitted  to  a  preliminary  examination  by  Professor  H.  E. 
Armstrong,  F.R.S.,  who  has  furnished  the  following  report. 

"The  crude  turpentine  from  P'<itn*  Khusyo.  was  a  grey,  thick,  pastv 
mass,  containing  a  quantity  of  small  pieces  of  wood.  That  from  Pinus 
Mertugii  was  more  fluid,  and  cleaner  in  appearance. 

By  distilling  with  steam,  I  separated  about  13  per  cent,  of  its  weight 
of  oil  from  the  Pin  us  AVc/xy/  turpentine,  and  nearly  19  per  cent,  from 
the  Pnni*  MerJiusli.  turpentine.  On  a  previous  occasion  I  obtained 
nearly  17  per  cent,  of  oil  from  a  sample  of  the  first-named  turpentine 
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I  imagine  that  the  present  supply  of  turpentine  was  collected  under 
less  favourable  conditions,  and  that  some  oil  was  lost  by  evaporation 
in  the  case  of  the  sample  now  under  examination. 

The  original  turpentine  and  the  distilled  oil  in  each  case  have  a  very 
slight  but  agreeable  odour,  which  is  even  less  pronounced  than  that  of 
French  turpentine,  and  distinctly  characteristic,  although  indescribable. 
The  two  oils  are  very  similar  in  this  respect. 

I  am  satisfied  that  the  oil  from  Pinus  Khasya  is  identical  with  that 
which  I  received  from  the  Colonial  and  Indian  Exhibition,  and  examined 
several  years  ago. 

The  oil  from  Pinus  Merknsii  is  very  similar  to  that  from  Pinus 
Khasya. 

Like  French  oil  of  turpentine,  both  these  oils  distil  within  a  very 
narrow  range  of  temperature,  near  to  155°  C.,  but  the  oil  from  Pinus 
Khasya  appears  to  contain  a  somewhat  larger  proportion  of  a  constituent 
of  higher  boiling  point. 

The  two  oils  are  very  nearly  alike  in  relative  density  at  20°  C.,  that 
of  P.  Khasya  being  '8627  and  that  of  P.  Merkusii  -8610.  They  both 
turn  the  ray  of  polarised  light  to  the  right,  the  so-called  specific 
rotatory  power  being  +  36°  28'  for  P.  Khasya  and  +  31°  45'  for  P. 
Merkusii.  The  rotatory  power  of  French  turpentine  is  practically 
always  about  -  36°.  The  Pinus  Khasya  oil  now  examined  agrees  in 
this  respect  with  that  I  previously  obtained  from  British  Burma. 

Practically,  French  oil  of  turpentine  and  that  from  Pinus  Khasya 
exactly  correspond  in  properties.  The  difference  between  the  oils  from 
the  two  Burmese  turpentines  is  of  such  a  kind  as  to  be  of  no  practical 
consequence — they  are  essentially  similar,  and  the  slight  difference  is 
due  to  the  presence,  in  one  or  the  other,  of  some  substance  besides  the 
chief  constituent. 

I  am  at  present  inclined  to  think  that  the  oil  from  Pinus  Merknsii 
may  be  the  more  uniform.  It  will  be  my  endeavour  to  thoroughly 
examine  the  two  oils  in  comparison  with  French  turpentine,  and,  if 
possible,  to  discover  their  exact  nature. 

Meanwhile,  I  may  say  that  both  oils  are  of  the  highest  quality,  and 
that  I  believe  they  would  serve  every  purpose  for  which  oil  of  tur- 
pentine (French  or  American)  is  used.  They  even  compare  favourably 
with  the  French  oil,  which  is  the  highest  quality  in  the  market. 

The  rosin  left  on  distilling  off  the  oil  would  also,  I  believe,  be 
available  for  all  purposes  for  which  ordinary  rosin  is  used. 

There  is  no  reason,  I  venture  to  think,  why  India  should  not  obtain 
whatever  turpentine  is  required  from  native  sources,  if  the  industry 
can  be  developed,  and  the  cost  of  carriage  be  not  too  great. 

I  hope,  later  on,  to  submit  a  more  detailed   report,  if  I  should  be 
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successful  iu  devising  methods  of  separating  the  constituents  of  the 
oils ;    and,  in   any   case,    to  obtain   results  of  considerable    scientific 
interest  which  may  throw  light  on  the,  at  present,  obscure  relationship 
between  the  various  oils  of  the  turpentine  class." 
April,  1396. 
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A  NUMBER  of  plants,  reputed  in  India  and  the  Colonies  to  possess 
medicinal  value,  have  been  submitted  to  chemical  investigation  in 
order  to  separate  in  a  pure  state  their  active  constituents,  which  have 
then  been  chemically  studied  and  afterwards  subjected  to  further 
investigations,  so  that  their  physiological  action  and  therapeutic  effects 
may  l>e  precisely  determined. 

The  Iiidw.ii.  A<:on\t>-s. — -The  genus  Aconitum  comprises  several  species 
indigenous  to  India,  about  which  until  quite  recently  accurate  chemical 
and  botanical  information  was  almost  unobtainable.  The  botanical 
side  of  this  subject  has  lately  engaged  the  attention  of  Dr.  George 
"V\  att,  Reporter  on  Economic  Products  to  the  Government  of  India, 
who  has  made  a  collection  of  the  Indian  aconites  with  the  view  of 
identifying  the  most  important  members  of  the  group,  and  classifying 
the  various  roots  of  Indian  origin  which  occur  in  native  and  European 
commerce.  At  the  suggestion  of  the  Government  of  India  these 
botanical  researches  are  being  supplemented  by  a  chemical  investiga- 
tion in  the  laboratories  of  the  Imperial  Institute  of  the  various  con- 
stituents of  the  different  Indian  aconites  of  which  authentic  specimens 
are  now  for  the  first  time  available.  This  work  is  being  carried  out 
on  the  lines  adopted  in  the  examination  of  the  constituents  of  English 
aconite  (A':>.>n>fu.)n  To/>e//«.>-),  of  which  the  results  have  been  published 
from  time  to  time  in  the  Journal  of  the  Cheat 'C»f  .^"ciety. 

The  highly  toxic  nature  of  the  alkaloids  characteristic  of  the  aconites 
as  a  class,  lends  importance  to  the  exact  determination  of  their  phy-i»- 
logical  activities,  and  for  this  purpose  Prof.  Cash,  F.R.S.,  of  the 
University  of  Aberdeen,  has  been  supplied  with  highly  purified 
specimens  of  each  of  the  alkaloids  isolated.  The  results  of  this  physio- 
logical work  have  been  published  in  the  Philosophi<-al  Tran$<i>-t>on,i 
of  the  RoynJ  Swiety,  and  abstracts  of  these  papers  appear  in  the  present 
volume.  The  enquiry  has  shown  that  Acvnitum  hef^i-»phyllum  and 
Acofiilum  i><ili,t<ifii,,i  contain  non-poisonous  alkaloids,  which  may  be 
useful  as  mild  tonics.  Others,  Aconititm/erot  and  Aconitum  NaptVnt, 
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var.  hians,  contain  alkaloids  which  are  highly  poisonous  and  may  be 
employed  in  medicine  for  the  same  purposes  as  the  aconitine  derived 
from  the  European  Aconitum  Napdlus,  since  they  exert  an  almost 
precisely  similar  physiological  action.  An  examination  of  the  second- 
ary alkaloids  contained  in  the  poisonous  aconites  has  proved  that 
they  exert  a  physiological  action  antagonistic  in  a  greater  or  less 
degree  to  that  of  the  principal  alkaloid  on  which  the  therapeutic 
effect  depends.  The  pure  alkaloids  should  on  this  account  be  employed 
in  medicine  in  preference  to  preparations  of  the  plant  such  as  tinctures 
which  contain  the  secondary  alkaloids. 

PodophyUum  Emodi. — The  attention  of  the  Department  was  drawn 
to  the  Indian  plant  PodophyUum  Emodi,  growing  wild  in  Northern 
India,  particularly  in  the  Punjab.  It  has  been  suggested  that  this 
plant  might  be  used  as  a  substitute  for  the  podophyllum  obtained  from 
the  United  States  of  America  derived  from  the  allied  plant  (Podo- 
phyllum  peltatuni),  and  a  chemical  investigation  of  the  constituents 
of  the  plant  was  therefore  carried  out.  In  the  Scientific  Section  of 
the  present  volume  are  printed  two  papers,  in  which  the  chemistry  and 
therapeutics  of  these  two  drugs  have  been  comparatively  studied.  It 
is  shown  there  that  the  resin  "podophyllin,"  the  form  in  which  the 
drug  is  usually  administered,  derived  from  the  Indian  drug,  contains 
the  same  substances  and  exerts  the  same  therapeutic  effects  as  that 
made  from  the  American  plant.  In  addition,  it  may  be  remarked 
that  tinctures  of  the  Indian  podophyllin,  prepared  in  accordance  with 
the  instructions  of  the  British  Pharmacopoeia,  have  the  same  appear- 
ance, and  can  be  equally  well  preserved  for  lengthened  periods  as 
those  made  from  the  American  resin.  Indian  podophyllum  is  now 
coming  into  general  use.  It  may  be  pointed  out  that  the  Indian 
drug  presents  the  following  advantages  over  the  American  plant: — 

(1)  It  yields  even  in  the  poorest  specimens  twice  as  much  resin. 

(2)  The  resin  is  equally  easily  prepared. 

(3)  The  therapeutical  value  is  identical  with  that  of  the  American 

resin. 

(4)  The  Indian  plant  grows  wild  in  enormous  quantities. 

Hyoscyamus  muticus. — The  attention  of  the  Department  was  called 
to  the  abundance  of  Hyoscyamus  muticus  in  India  and  in  Egypt. 
This  plant  belongs  to  the  natural  order  Solanaceie,  and  like  many 
plants  of  this  order,  contains  the  valuable  alkaloid  hyoscyamine,  for 
which  there  is  at  the  present  time  a  constantly  increasing  demand  in 
medicine.  The  usual  source  of  this  alkaloid  is  the  common  henbane 
(Hyosc.yamus  niger),  in  which  hyoscyamine  occurs  together  with 
several  other  alkaloids  of  the  same  group  from  which  it  can  only  be 
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separated  by  a  tedious  process  of  purification.  In  the  Scientific 
Section  of  this  volume  are  published  two  papers  giving  an  account  of 
the  chemistry  of  Indian  and  Egyptian  specimens  of  Hyoscyainn* 
•is,  in  which  it  is  shown  that  this  plant  contains  a  larger  amount 
of  hyoscyamiue  than  any  other  known  source  of  the  alkaloid,  and 
moreover  contains  it  in  an  easily  available  form.  These  advantages 
render  the  plant  a  very  satisfactory  material  for  the  preparation  of 
hyoscyamine,  and  it  has  been  already  exported  to  alkaloid  manu- 
facturers in  England  and  the  United  States  for  this  purpose  from 
Egypt,  where  the  plant  grows  wild  in  the  desert. 

Opium. — Among  other  enquiries  connected  with  medicinal  plants, 
mention  may  here  be  made  of  an  extensive  investigation  of  the  com- 
position of  the  opium  produced  in  the  various  opium  districts  of  India 
with  the  object  of  ascertaining  to  what  extent  these  different  opiums 
vary  in  the  amount  of  morphine  and  other  alkaloids  they  contain,  and 
to  determine,  if  possible,  the  circumstances  to  which  these  variations 
are  due.  The  first  report  on  this  subject  is  included  in  the  following 
section.  The  attention  of  the  Government  of  India  has  been  called  to 
the  fact  that  some  of  the  opium  could  be  so  manufactured  as  to  be 
employed  in  European  medicine  in  the  place  of  the  opium  from  Turkey 
now  almost  exclusively  employed. 

Tobacco.  \  number  of  analyses  have  been  made,  and  commercial 
opinions  obtained  on  tobacco  grown  in  India  and  the  Colonies.  The 
report  on  Indian  tobacco  will  be  followed  by  others  on  tobacco  grown 
in  different  districts  and  under  different  conditions. 

Memorandum  on  Hyoscyamus  muticus  as  a  commercial  source 
of  Hyoscyamine. 

The  enclosed  reprint  of  a  paper  on  "The  alkaloid  of  Hyoscyf>.in><.< 

-'•>•  and  of  Datum  Xtrn-iit'jinam  grown  in  Egypt,"  published  in  the 

••'1.  <>f  the  Chemi-.-'if  Society  for  January  1901,  describes  the  results 

of  an  examination  of  this  variety  of  Hyoscyamus.  which  also  occurs  in 

India,  and  has  already  formed  the  subject  of  a  previous  paper  by  the 

same  authors  on  "  The  occurrence  of  hyoscyamine  in  the  Hy ,.*••,/,, llti, „• 

•>soi  India, '''published  in  the  Journal  >>r'  the  Chemiwl  Society  for 

1899,  and  reprinted  in  the  A<jri,:>dt>u-«l  Led<j?r,  No.  5,  of  1899.    It  has 

been  proved  that  the  same  alkaloid,  hyoscyamine,  occurs  in  the  plant 

grown  in  India  and  in  Egypt,  and  attention  is  drawn  to  the  importance 

of  this  plant  as  a  commercial  source  of  this  alkaloid,  which  is  somewhat 

largely  employed  in  medicine. 

It  would  appear,  however,  that  Hy<.>s<'yiiifi«  m-'ti-.-tis  grown  in  Egypt 
contains  more  alkaloid  than  the  same  plant  grown  in  India.  A<  i- 
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pointed  out  in  the  accompanying  paper,  this  conclusion  requires  to  be 
substantiated  by  the  examination  of  other  samples  of  the  Indian  plant, 
since  the  smaller  proportion  of  the  alkaloid  found  in  the  sample 
forwarded  in  September  1896,  by  the  Reporter  on  Economic  Products, 
to  the  Imperial  Institute,  may  possibly  be  due  to  its  collection  at  a 
stage  of  growth  different  to  that  represented  by  the  Egyptian  sample. 

For  this  reason  it  is  important  that  further  samples  of  the  plant 
should  be  sent  from  India,  some  of  which  should  consist  of  the  entire 
plant  with  ripe  seeds.  As  it  seems  probable  that  a  demand  for  this 
material  may  arise  in  the  European  market,  it  may  be  pointed  out  that 
the  seeds  will  probably  be  the  most  convenient  part  of  the  plant  for  the 
manufacturer  of  hyoscyamine  to  work  upon,  as  it  may  not  be  thought 
desirable  in  India  to  sacrifice  the  roots.  Since  the  publication  of  this 
paper,  an  offer  has  been  received  from  a  firm  of  chemical  manufacturers 
of  about  £1  per  hundredweight  for  the  entire  Egyptian  plant  (excluding 
roots)  containing  the  percentage  of  hyoscyamine  recorded  in  the 
accompanying  paper.  This  price  must  be  regarded  as  provisional  and 
preliminary,  and  will  probably  improve  in  course  of  time. 

In  forwarding  the  samples  information  should  be  given  as  to  whether 
a  supply  of  the  plant,  with  or  without  roots,  could  be  obtained  from 
India,  and  also  at  what  price  it  could  be  offered  on  the  London  market. 
As  indicated  above,  a  better  price  could  no  doubt  be  obtained  for  the 
seeds  and  roots  alone,  than  for  the  entire  plant  including  the  leaves, 
for  the  reason  that  the  extraction  of  the  pure  alkaloid  is  more  difficult 
from  the  leaves  than  from  the  seeds  and  roots. 

It  need  scarcely  be  pointed  out  that  the  price  which  this  material 
will  command  must  depend  upon  the  quantity  of  hyoscyamine  it  will 
furnish,  and  that  the  evidence  before  us  at  present  goes  to  show  that 
on  this  account  the  Indian  plant  is  less  valuable  than  the  Egyptian. 

Jammry,  1901. 

Opium  from  Jeypore. 

The  following  are  the  results  obtained  from  the  analysis  of  a  series 
of  small  specimens  of  opium  from  Jeypore,  transmitted  by  the  Reporter 
on  Economic  Products  to  the  Government  of  India,  in  September 
1895.  Some  interesting  information  respecting  the  production  of 
these  specimens  has  been  furnished  in  a  report  which  accompanied 
them. 

In  the  selection  of  seeds  for  the  cultivation,  in  Jeypore,  of  the 
different  varieties  of  poppies  which  yielded  the  specimens,  special  care 
was  taken  to  prevent  their  being  mixed  with  each  other.  The  land 
selected  for  their  cultivation  was  in  the  Ghat  Valley,  on  the  southern 
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border  of  the  road  from  Jeypore  to  Agra.  The  soil,  which  was  sandy 
and  excessively  moist,  was  prepared  by  repeated  ploughing  and  heavy 
manuring.  After  germination  had  commenced,  it  was  found  nee 
to  intersect  the  land  with  drainage  channels,  and  to  adopt  measures 
for  counteracting  injurious  effects,  upon  the  young  plants,  of  impurities 
in  the  water  of  a  stream  which  flowed  through  the  land. 

The  seeds  germinated  in  the  middle  of  November  (1894),  and  the 
plants  began  to  flower  within  six  weeks,  the  capsules  or  heads  beginning 
to  show  development  in  about  a  fortnight  afterwards.  When  they 
presented  a  coating  of  light  brown  colour,  and  were  firm  to  the  touch, 
vertical  incisions  were  made  by  means  of  a  three  bl ad ed  lancet  :  this 
operation  was  performed  in  the  afternoon,  anl  the  exudations  from 
the  incisions  were  collected  the  day  following,  in  cups  made  of  the 
leaves  of  the  plants.  The  several  compartments  were  lanced  on 
alternate  days,  and  the  bleeding  process,  carried  out  as  described, 
was  continued  for  several  weeks.  Various  untoward  circumstances, 
including  ravages  inflicted  on  the  plantation  by  porcupines,  combined 
to  diminish  the  yield  of  opium  in  this  experiment,  and  two  of  the 
samples  collected  (viz.  from  the  "  White  and  Gulabi ''  and  the  "  Red  " 
poppies),  were  very  small,  although  sufficient  for  analytical  purposes. 

The  proportions  of  morphine  and  of  narcotine  have  been  determined 
in  the  dried  samples.  For  the  estimation  of  morphine,  the  method 
of  Fliickiger  has  been  used,  and  supplemented  by  deration  of  the 
alkaloidal  residue.  It  is  to  be  noted  that  if  the  process  prescribed 
by  the  British  Pharmacopoeia  (1885)  for  the  estimation  of  morphine 
had  been  followed,  the  percentages  of  morphine  would  have  been 
represented  nearly  one  per  cent,  higher  than  those  given  in  the  Table 
Wow : — 

Specimen  labelled.  Morphine  Xarcotine 

per  cent.  per  cent. 

"White"     .         .         .  5-0  4-5 

"Soosni"    ...  5-7  5-6 

"Gulabi"    .         .         .  4-6  6-5 

'•  White  and  pink  "       .  7-  2  7-1 

"Red"         ...  7-7  7-1 

The  British  Pharmacopeia  states  that  medicinal  opium  should  not 
contain  much  less  than  ten  per  cent,  of  morphine.  It  will  be  seen  that 
none  of  the  Jeypore  specimens  reach  this  standard,  even  when  the 
percentages  are  increased  by  the  amount  (say  one  per  cent.)  correspond- 
ing with  the  higher  results  afforded  by  the  process  of  the  British 
Pharmacopoeia :  moreover,  in  determining  the  value  of  opium  for 
medical  use,  regard  must  also  be  had  to  the  percentage  of  narcotine, 
an  alkaloid  which  is  of  little  or  no  value  for  most  of  the  purposes  for 
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which  opium  is  administered,  and  is,  indeed,  said  to  be  actually 
obnoxious  when  present  in  large  proportion.  Now,  Turkey  opium, 
which  is  most  esteemed  for  medicinal  use,  usually  contains  not  more 
than  from  2  to  3  per  cent,  of  narcotine,  though  the  amount  of  this 
alkaloid  is  subject  to  considerable  variation,  and  may  be  in  some 
cases  as  much  as  5  per  cent.  The  comparative  richness  of  the  Jeypore 
specimens  in  this  constituent  may  considerably  detract  from  their 
value  for  medical  use,  whilst  the  relatively  small  percentages  of 
morphine  also  probably  render  them  of  comparatively  little  use  for  the 
manufacture  of  the  specially  valuable  alkaloid  morphine.  No  opinion 
can  at  present  be  offered  as  to  the  cause  of  the  deficiency  in  morphine, 
and  of  the  richness  in  narcotine,  of  Jeypore  opium.  It  may  be  due  to 
the  employment  of  varieties  of  poppy  differing  from  those  which 
yield  the  Turkey  opium,  or  it  may  be  the  result  of  an  unsatisfactory 
process  of  collection,  whereby  some  of  the  morphine  is  lost.  In  the 
report  which  accompanied  the  specimens,  no  details  are  given  of  the 
course  pursued  in  dealing  with  the  exudations  collected  from  the  poppy- 
heads.  In  future  experiments,  great  care  should  be  taken  to  include 
the  whole  of  the  exudation,  and  to  prevent  loss  of  material  in  any 
part  of  the  operation. 

As,  however,  the  samples  labelled  "  white  and  pink  "  and  "  red  " 
contained  more  morphine  than  is  commonly  supposed  to  exist  in  Indian 
opium,  and  as  the  whole  subject  of  the  production  and  quality  of 
Indian  opium  is  now  engaging  the  attention  of  the  Scientific  Depart- 
ment of  the  Imperial  Institute,  it  is  recommended  that  the  cultivation 
of  the  poppy  in  Jeypore  should  be  persevered  in,  and  that  another  set 
of  carefully-prepared  samples  of  the  products  be  sent  to  the  Imperial 
Institute  for  examination. 

October,  1896. 

The  Constituents  of  the  Seeds  of  Strychnos  Rheedii, 

In  compliance  with  the  request  from  the  Reporter  on  Economic 
Products  to  the  Government  of  India  for  a  chemical  examination  of 
the  seeds  of  Strychnos  Rheedii,  a  chemical  examination  has  been  made 
with  the  only  specimen  available,  namely,  a  small  quantity  of  the  seeds 
received  from  Quilon,  Travancore. 

Employing  the  methods  which  have  been  already  described  in 
connection  with  the  examination  of  the  seeds  of  Strychnos  Nux-vomica 
derived  from  Ceylon  (Pharmaceutical  Journal,  [3]  13,  pp.  665-667 
and  1053),  the  dried  seeds  yielded  about  -06  per  cent,  of  an  alkaloid 
identical  with  the  brucine  contained  in  Strychnos  JVux-vomica.  A 
careful  search  was  made  for  strychnine,  by  various  methods  involving 
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the  previous  destruction  of  the  brucine,  but  no  trace  of  this  alkaloid 
could  be  detected. 

It  would  therefore  appear  that  brucine  is  the  only  alkaloid  present 
in  the  seeds  of  Strychnos  Rhtedu.  This  conclusion,  however,  needs 
confirmation  by  an  examination  of  a  much  larger  quantity  of  material, 
for  which  purpose  a  few  pounds  of  the  seeds  should  be  forwarded  in 
order  that  the  investigation  may  be  completed. 

In  accordance  with  the  excellent  suggestion  of  the  Reporter  on 
Economic  Products  that  all  the  Indian  varieties  of  Strychno*  should 
be  submitted  to  examination,  samples  of  the  bark  and  seeds  of  these 
should  be  forwarded.  Strychnos  Ugiistriiia,  which  has  l^een  stated  to 
contain  brucine,  but  no-  strychnine,  should  be  included. 

Although  brucine  has  been  stated  to  possess  tonic  properties,  so 
fur  it  has  l>een  little  if  at  all  employed,  as  a  pure  alkaloid,  for  medicinal 
purp> 

October,  1901. 

Indian  Kino, 

This  sample  was  received  with  Dr.  Watt's  letter  of  April  29,  1898, 
having  been  forwarded  by  the  Inspector-General  of  Forests  to  the 
Government  of  India,  with  a  letter  dated  March  17,  1898.  In  the 
letter  of  the  Inspector-General  it  is  stated  that  the  kino  from  North 
Malabar  is  probably  of  first-rate  quality,  and  likely  to  command  a  high 
price  in  the  English  market,  although  samples  which  were  sent  to  a 
firm  of  manufacturing  chemists  in  London  had  not  been  reported  on 
favourably. 

The  present  sample  shows  all  the  characteristics  of  the  kino  pre- 
scribed for  use  in  medicine  in  the  last  edition  (1898)  of  the  firitith 
Pharmacopa  '•«..  In  order  to  obtain  reliable  information  as  to  its  pro- 
bable commercial  value,  a  part  of  the  sample  was  submitted  to  a  well- 
known  firm  in  the  City  who  deal  largely  in  this  material.  They  report 
that  the  substance  is  genuine  kino  of  excellent  quality.  With  refer- 
ence to  its  commercial  value,  they  make  the  following  statement,  which 
shows  that  there  have  been  great  fluctuations  in  the  price  of  this  drug 
within  recent  years.  About  seven  years  ago  several  hundredweights 
were  sold  at  the  rate  of  37s.  &d.,  that  is,  for  about  ±d.  per  pound. 
After  the  drug  had  been  in  stock  for  nearly  two  years,  most  of  it  was 
resold  for  £16  a  hundredweight,  that  is,  about  ~2s.  10<7.  a  pound. 
Somewhat  later  the  drug  became  very  scarce,  and  the  price  gradually 
•  16s.  per  pound.  At  the  present  time  the  price  is  still  high, 
kino  having  been  sold  for  13s.  per  pound  within  the  last  few  weeks. 
If,  however,  any  large  quantity  of  the  drug  were  put  on  to  the  market, 
the  probability  is  that  the  price  would  again  fall  to  its  average  value 
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of  from  Qd.  to  Is.  a  pound.  Having  regard  to  the  facts  stated  in  Dr. 
Watt's  letter  that  kino  can  be  profitably  collected  at  a  cost  of  8  annas 
per  pound,  and  to  the  statements  of  the  commercial  experts  referred  to 
above,  the  most  desirable  course  for  the  present  would  seem  to  be  to 
place  relatively  small  parcels  of  the  drug  periodically  on  the  English 
market,  without,  however,  greatly  augmenting  the  exports  to  this 
country.  If  necessary,  this  Department  would  be  glad  to  assist  the 
Inspector-General  of  Forests  in  placing  consignments  with  trustworthy 
brokers  in  this  country. 
June,  189S. 

Indian  Tobacco. 

This  consignment  of  tobacco  is  described  in  a  letter,  dated  August 
4,  1896,  from  Dr.  George  Watt,  to  Mr.  Royle.  It  is  stated  to  be 
"  Bright  Leaf  Tobacco,"  prepared  at  the  Pioneer  Factory  in  the 
district  of  Tirhoot. 

The  sample  consisted  of  packets  each  containing  about  six  or  seven 
fine  tobacco  leaves ;  they  were  pale  brown  in  colour,  with  a  slight 
aromatic  odour  and  a  distinctly  sweet  taste.  The  amounts  of  the 
following  constituents  were  determined  : — 

1.  Moisture. — -The  amount  of  moisture,  determined  by  drying   for 
six  hours  at  100°  C.,  was  ascertained  to  be  9  per  cent.     This  is  about 
the  usual  quantity  of  water  contained  in  prepared  tobacco  leaves  ;  the 
average  percentage  in  fine  Virginian  leaf  tobacco  has  been  recorded  as 
8-9  per  cent. 

2.  Ash. — The  amount  of  ash  (mineral  constituents)  determined  on 
the  dry  tobacco  is  18'67  per  cent.,  of  which  84-54  per  cent,  consists  of 
salts   and  other   mineral    constituents   soluble  in   hydrochloric   acid, 
whilst  15-46  per  cent.,  or  2-8  per  cent,  calculated  on  the  dried  leaf,  is 
silica — that  is,  sand.     It  may  be  added  that  the  ash  contained  scarcely 
a  trace  of  sodium  salts.     These  numbers  compare  very  favourably  with 
those  obtained  in  the  analysis  of  various  specimens  of  tobacco.     The 
ash  usually  ranges  between  8  and  20  per  cent.,  the  latter  number  being 
the  average  for  ordinary  samples.     Percentages  varying  from  11  to  18 
have  been  recorded  for  Virginian  leaves. 

3.  Sugar. — The  amount  of  sugar  contained  in  the  air-dried  leaf  is 
5-28  per  cent.,  all  of  which  is  present  in  the  form  of  glucose  or  grape- 
sugar  ;  no  cane-sugar  or  other  similar  carbohydrate  could  be  detected. 

4.  Nicotine. — The  percentage  of  nicotine  in  the  dry  leaf  has  been 
very  carefully  determined   and  found   to   be  2-19   per:  cent.,   which 
corresponds  with  the  quantity  found  in  some  of  the  milder  varieties  of 
tobacco,  notably  those  from  Havana  and  Maryland,     This  percentage 
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is  much  lower  than  that  found  in  many  of  the  stronger  and  coarser 
varieties,  in  which  the  proportion  of  nicotine  is  often  as  high  as  from 
7  to  8  per  cent. 

These  results  show  that  this  sample  of  Indian  tobacco  is  of  excellent 
quality.  It  is,  however,  not  possible  to  arrive  at  a  conclusion  as  to 
the  commercial  value  of  a  specimen  of  tobacco  from  the  results  of 
chemical  analysis  alone.  It  will  be  necessary  to  obtain  reports  from 
technical  experts  and  dealers  in  tobacco  in  this  country.  The  Curator 
of  the  Indian  Section  has  already  taken  steps  to  obtain  such  reports. 
It  might,  perhaps,  be  useful  if  the  experts  consulted  were  put  in 
possession  of  the  analytical  numbers  recorded  above.  The  suggestion 
made  by  Dr.  Watt  in  his  letter  on  this  subject  as  to  the  desirability 
of  preparing  a  series  of  comparative  reports  on  Indian  tobacco  grown 
in  different  districts  should  be  adopted,  and  arrangements  will  be 
made  for  the  chemical  part  of  the  enquiry  to  be  conducted  in  the 
laboratories  of  the  Scientific  Department. 

It  is  understood  that  the  remainder  of  the  consignment  is  to  be 
put  up  to  auction,  and  if  this  is  done,  it  would  probably  promote  a 
satisfactory  sale  if  a  statement  of  the  analytical  percentages  were 
included  in  the  description  of  the  sample. 

The  following  tabular  statement  summarises  the  reports  of  the 
various  tobacco  manufacturers  and  brokers  to  whom  the  sample  was 
submitted  : — 
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Tobacco  from  Bermuda,  received  from  the  Superintendent, 
Botanical  Station, 

These  samples  consisted  of  two  varieties  of  tobacco  in  packages  of 
large  unbroken  leaves.  The  following  descriptions  by  the  Super- 
intendent of  the  Botanical  Gardens  accompanied  the  samples  : — 

"  Both  samples  were  grown  without  any  rain,  and  both  under 
similar  conditions." 

8    matra  Leaf. 

"  Grown  on  good  soil. 

South  aspect. 

Planted  in  May. 

Harvested  hi  July. 

Cut  entire  plant  (leaf  and  stem). 

'Some  portion  dried  for  about  three  hours  in  the  sun,  some  of  the 
greener  leaves  getting  scalded. 

Hung  in  a  building  (well  ventilated)  with  stone  walls  and  corrugated 
iron  roof.  (A  new  building.) 

Hanging  14  weeks,  dried  out  splendidly:  when  stripped  it  appeared 
about  25  per  cent,  better  quality,  and  more  uniform  in  colour  than 
to-day. 

The  rainy  reason  set  in,  the  new  porous  stone  walls  practically 
became  water-logged,  which  water  was  evaporated  and  became  con- 
densed on  the  cold  corrugated  iron,  which  materially  affected  the 
tobacco. 

Sweating  was  attempted,  but  every  attempt  failed  due  to  mildew 
setting  in. 

An  effort  under  various  conditions  was  made  to  manufacture  it  into 
commercial  tobacco,  but  without  satisfactory  results,  due  to  lack  of 
proper  appliances  in  the  way  of  presses,  moulds,  air-tight  boxes,  etc., 
and  somewhat  lack  of  experienced  help  too. 

This  sample  is  sent  for  your  consideration  ;  some  of  the  grey-coloured 
spots  are  due  to  burns,  and  some  of  the  variations  of  colour  are  due 
no  doubt  to  being  obliged  to  keep  it  dry  by  heating  the  room  with 
lamps." 

Choice  Cuban  Leaf. 

"  The  Choice  Cuban  grew  rather  superior  to  the  Sumatra ;  probably 
under  more  favourable  circuaistances,  together  with  our  past  experience 
in  harvesting  and  welting,  also  stripping  the  leaf  instead  of  harvesting 
the  whole  plant,  a  superior  quality  of  leaf  may  be  produced." 
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CHEMICAL  EXAMINATION  OF  SAMPLES. 
Choice  Cuban  Leaves. 

These  leaves  were  from  9  to  15  inches  in  length,  and  showed  a  slight 
variation  in  colour,  some  of  the  leaves  being  rather  darker  brown  than 
others,  and  in  a  few  cases  exhibited  slightly  discoloured  patches  or 
spots.  The  general  appearance  and  aroma  of  the  leaves  was  satisfac- 
tory, but  not  pronounced. 

Siimatra  Leaves. 

These  were  from  9  to  20  inches  long,  and  resembled  the  Cuban 
leaves  in  appearance,  though  somewhat  darker  in  colour.  Some  of  the 
leaves  were  marked  with  small  spots  or  patches.  The  aroma  was 
feeble. 

Both  samples  were  submitted  to  chemical  examination  with  the 
following  results  : — 

Percentages  calculated  on  dried  material. 

Choice  Sumatra 

Cuban  Leaf.  Leaf. 

Moisture  (at  100°  C.)  .         .         .         .  12-80  1049 

Ash    .  U-60  11-64 

Nicotine  (Kissling's  method)        .         .       8-02  8-7 

Sugar          ......  none  none 

Acid  .......  neutral  neutral 

These  results  are  satisfactory  as  regards  moisture  and  freedom  from 
sugar  and  acid.  The  leaves  contained  little  or  no  sand  ;  the  percentage 
of  silica  in  the  ash  being  only  about  1-25  per  cent.  The  other  mineral 
constituents  correspond  with  those  usually  present  in  tobacco  ash.  The 
percentage  of  nicotine  is,  however,  more  than  three  times  as  great  as 
that  (2-4  per  cent.)  usually  found  in  the  best  Havana,  Sumatra  or 
Manilla  cured  tobacco.  In  other  respects  the  tobacco  grown  in 
Bermuda  closely  corresponds  in  composition  with  that  grown  in  Cuba 
and  Sumatra.  It  is  stated  that  the  percentage  of  nicotine  in  tobacco 
is  increased  by  its  growth  on  soil  rich  in  nitrogenous  constituents,  and 
that  the  amount  of  nicotine  is  reduced  by  proper  fermentation  whilst 
the  aroma  is  increased  thereby. 

TECHNICAL  EXAMINATION. 

Samples  of  the  tobacco,  together  with  the  results  of  its  chemical 
examination,  were  submitted  to  several  tobacco  experts  and  manu- 
facturers. The  reports  received  are  unsatisfactory,  as  the  following 
statements  will  show  : — 
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1 .  We  do  not  consider  the  Bermuda  tobacco  suitable  for  this  country, 
as,  since  the  restriction  of  moisture  to  30  per  cent.,  our  manufacturers 
have  used  more  American  tobacco  than  formerly.  We  anticipate 
that  this  tobacco  would  contain  too  much  moisture  for  our  heavy  duty, 
namely,  ?>s.  per  pound. 

'2.  As  far  as  our  trade  in  this;  country  is  concerned  the  Bermuda 
tobacco  is  not  suitable,  being  too  pungent  and  harsh  for  smoking  in  a 
pipe.  Manufacturers  who  cut  shag  and  cigar-makers  might  find  some 
use  for  it,  but  we  think  it  would  require  to  be  produced  in  a  milder 
form  and  sweeter  flavour  before  we  could  say  that  it  had  any  value  in 
this  market. 

3.  The  Bermuda  tobacco  in  its  present  condition  has  no  marketable 
value.     It  has  not  been  properly  fermented  or,  as  stated  in  the  notes 
from  Bermuda,   "sweated."'     In   the  burning  there  is   no  flavour  of 
tobacco  whatever,  and  it  will  not  hold  fire.     It  is  impossible  to  state, 
in  its  present  condition,  the  use  it  could  be  put  to  either  for  cutting 
or  for  cigar  purposes. 

4.  In  its  present  state  the  Bermuda  tobacco  is  totally  unsuitable  for 
use  in  this  country,  either  for  cigar  purposes  or  for  pipe  tobacco.     The 
Sumatra  Seed  Leaf  is  very  thick  and  stalky ;  the  Cuban  Seed  Leaf  is 
thinner,  but  in  each  case  there  is  too  much  sap  in  it,  and  it  seems  to  have 
grown  too  rankly.     Neither  in  colour,  texture,  nor  burning  is  any  of 
the  leaf  suitable  for  cigar  purposes,  and  the  flavour  is  very  poor.     We 
yesterday  sent  you  specimens  of  cigars  which  we  have  made  from  each 
kind  of  leaf ;  in  each  case  the  filler  and  inner  wrapper  are  the  same  as 
we  use  for  our  best  brands,  the  outer  cover  only  being  Bermuda  leaf, 
but  you   will  find  on  trial  that  it  completely  spoils   the  flavour  and 
burning  of  the  cigar.     We    have  also  put  in,  for  comparison,   some 
cigars    of    precisely    the   same    quality,    but   with    genuine    Sumatra 
wrappers.     (Two   samples   of   each   sent   herewith.)     As  we  are  not 
practically   conversant    with    the    culture    of   tobacco   plants    we   are 
unable  to  suggest  in  what  way  the  defects  mentioned  may  be  reme- 
died, but  it  is  evident  that  very  great  improvement  will  be  necessary 
before  any  market  can  be  found  for  the  tobacco  in  this  country. 

It  is  clear  from  these  reports  that  the  tobacco  is  of  little  or  no  value 
on  account  of  its  being  deficient  in  aroma,  owing  probably  to  its  having 
been  improperly  fermented  and  prepared,  which  is  not  surprising  con- 
sidering that  no  special  appliances  were  at  hand  for  the  purpose,  and 
that  these  processes  were  carried  out  in  a  very  rough  manner. 

It  would  appear  desirable  to  carry  out  experiments  on  the  curing 
of  the  tobacco  with  expert  advice  obtained  from  Cuba  or  elsewhere, 
so  that  the  important  question  as  to  whether  tobacco  grown  in  Bermuda 
can  also  be  satisfactorily  cured  there  may  be  definitely  answered. 
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As  it  is  understood  that  the  tobacco  industry  in  Bermuda  would  be 
of  much  importance  to  the  Colony,  the  subject  is  one  to  which  the 
Government  should  give  attention. 

This  Department  will  be  happy  at  any  time  to  give  further  assist- 
ance in  this  matter,  by  examining  samples  or  answering  enquiries. 

The  following  publications,  issued  by  the  United  States  Department 
of  Agriculture,  Washington,  U.S.A.,  relating  to  the  growth  and  curing 
of  tobacco  of  various  kinds,  should  be  consulted,  as  they  contain  much 
valuable  information  on  the  subject. 

Tobacco  Soils  of  the  United  8tates.  Bulletin,  No.  11,  1898.  By 
Milton  Whitney. 

Cultivation  of  Tobacco  in  Sumatra.    S.  20,  1898.    ByEmile  Mulder. 

Curing  and  Fermentation  of  Cigar- Leaf  Tobacco.  Report  No.  59, 
1899.  By  Oscar  Loew! 

Temperature  Changes  in  Fermenting  Piles  of  Cigar- Leaf  Tobacco. 
Report  No.  60,  1899.  By  Milton  Whitney  and  T.  H.  Means. 

Cultivation   of  Cigar-Leaf  Tobacco   in   Florida.     Report    No.    62, 

1899.  By  Marcus  L.  Floyd. 

The  Work  of  the  Agricultural  Experiment  Stations  on  Tobacco.  Re- 
port No.  63,  1900.  By  J.  L.  Schulte,  with  Introduction  by 
Milton  Whitney. 

/i/ifk  Fermentation  of  Connecticut  Tobacco.  Circular  No.  5,  S.  29, 
Tobacco  10.  By  Marcus  L.  Floyd. 

Physiological  Studies  of  Connecticut  Leaf  Tobacco.     Report  No.  65, 

1900.  By  Oscar  Loew. 
February,  1902. 


TANNING   AND   DYEING   MATERIALS. 

A  NUMBER  of  plants  derived  from  India  and  the  Colonies  have  been 
examined  in  order  to  ascertain  their  value  as  tanning  agents.  After 
chemical  examination  they  have  been  submitted  to  tanning  experts 
for  practical  trial  in  the  tanyard  and  for  commercial  valuation.  India 
is  especially  rich  in  plants  having  tanning  value,  and  there  can  be 
no  doubt  that  the  preparation  of  tanning  extracts  in  India  might 
become  an  important  industry,  especially  as  it  would  lead  to  the  utilisa- 
tion of  the  now  discarded  barks  of  a  number  of  trees  which  are  felled 
for  timber.  India  will  no  doubt  be  able  to  furnish  a  number  of  new 
tanning  agents,  and  among  the  several  promising  plants  which  this 
investigation  has  brought  to  light,  Ccesalpinia  digyna  may  be  noticed 
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here.  The  pod-cases  of  this  plant  have  been  found  to  contain  an 
unusually  high  percentage  of  tannin,  and  this  material,  as  will  be  seen 
from  the  following  reports,  lias  afforded  excellent  results  when  used  as 
a  tanning  agent. 

The  investigation  of  various  Indian  plants  is  being  continued  with 
the  co-operation  of  the  Forests  Department  of  India  in  order  to 
ascertain  their  efficiency  and  to  ascertain  the  age  at  which  they  are 
most  valuable.  Experiments  are  also  being  made  with  a  view  to 
improving  the  methods  of  manufacturing  tanning  extracts  in  India, 
and  a  complete  apparatus  for  manufacturing  by  the  vacuum  process 
has  been  sent  out.  Tanning  materials  from  several  of  the  Colonies 
have  also  been  examined,  and  expert  opinions  have  been  procured  on 
the  quality  of  leather  produced  in  Queensland  and  New  South  Wales. 

A  large  number  of  Indian  plants  possessing  tinctorial  power  have 
been  investigated  in  order  to  determine  the  nature  and  value  of  the 
colouring  agents  present.  This  work  has  been  chiefly  conducted,  with 
material  supplied  through  the  Department,  by  the  Dyeing  School 
founded  by  the  Clothworkers'  Company  in  connection  with  the 
Yorkshire  College,  Leeds.  The  results  have  been  published  in  a  series 
of  valuable  papers  which  have  been  contributed  by  Mr.  A.  G.  Perkin 
to  the  Chemical  Society,  abstracts  of  which  appear  among  the  Scientific 
Papers  included  in  this  volume.  The  general  results  and  bearing  of 
this  enquiry  are  summarised  in  a  following  report. 

The  Tanning  Materials  of  India, 

The  following  method  has  been  adopted  for  the  examination  of  the 
various  tanning  materials  submitted  to  the  Department  :  — 

The  extraction  of  the  material  is  accomplished  in  a  glass  funnel 
fitted  with  a  porcelain  filtering  disc,  the  latter  being  covered  with 
muslin  and  a  layer  of  sand.  Upon  this  10  to  15  grams  of  the 
powdered  material  are  placed,  cold  water  is  added,  and  after  macerating 
for  some  time  it  is  allowed  to  slowly  percolate  until  about  500  c.c.  of 
liquid  have  passed  through.  More  water  is  then  added,  and  when  the 
percolate  becomes  very  light  coloured,  the  liquid  in  the  funnel  is  heated 
by  a  current  of  steam,  so  that  the  final  extraction  is  made  with  water 
at  100:  <J.  The  percolate  is  finally  made  up  to  one  litre.  This  solution 
is  then  used  for  the  following  determinations  : — 

(a)  50  c.c.  are  evaporated  to  dryness  on  a  water  bath,  the  residue  is 
dried  at  105;  C.  and  weighed,  thus  giving  the  total  soluble 
matter. 

(6)  The  above  residue  is  ignited  and  the  ash  determined,  which 
represents  the  soluble  mineral  constituents  of  the  material. 
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(c)  The  amount  of  tannin  is  determined  by  the  hide-powder  method, 
as  recommended  by  the  International  Association  of  Leather 
Trades'  Chemists,  which  consists  in  removing  the  tannin  from 
the  solution  by  allowing  it  to  slowly  percolate  through  a  layer 
of  hide-powder.  The  first  30  c.c.  which  pass  through  are 
rejected,  the  next  50  c.c.  being  collected  and  evaporated  to 
dryness;  the  residue  is  dried  at  105°  C.  and  weighed.  The 
difference  between  this  weight  and  that  obtained  in  the 
determination  of  the  total  soluble  matter  (a)  gives  the  amount 
of  tannin  removed  by  the  hide-powder. 

The  moisture  present  in  the  original  material  is  determined  by  drying 
at  105°  C.  until  of  constant  weight. 

The  results  obtained  in  the  examination  of  a  number  of  Indian 
tanning  materials  are  given  in  the  following  table  : — - 


Description  and  No. 

Ash. 

Total 

soluble 
matter. 

Non 
Tans. 

Tans. 

Remarks. 

per 

per 

per 

pel- 

Ti  I'liiiiinUii  Cltcbala  — 

cent. 

cent. 

cent. 

cent. 

No.  1093  . 

1-3 

54-71 

15'77 

38-94 

Round     and      inflated 

fruits. 

,.      661  .         .         .        1-7 

32-80 

19-50 

13-30 

Small,  dried,  and  dark. 

„      662.         .         .        1-91 

43-36 

24-91 

IS  -45 

Long,  lean,  shrivelled. 

„     357  . 

2-14 

46-70 

19-68 

27  '"2 

Small,  shrivelled,  pale. 

Af<if't«  iinil'ii-ii  '.babul  pods         — 

33-73 

24-18 

9  '55 

Husks  and  seeds. 

Cassia  aurici/Iftfit  — 

No.  6154  .        .        .        1-03 

17-37 

6-08 

1  1  -29 

From     small     boughs 

about  1  inch  diam. 

678  .        .        .       2-97 

16-55 

16-31 

0-24 

Root  bark. 

„    6152  .         .         .        0-82 

11-63 

4-65 

0-98 

From  young  shoots. 

,,   6151  .         .         .        0-36 

15-18 

4-96 

10-22 

From   stems    3    years 

A   sample   furnished 

old. 

by  Mr.  Procter     .        0'91 

18-53 

2-21      16-32 

si/lint  nitida    . 

0-29 

7-63 

4-56       3M>7 

Very     short     grained 

bark. 

Ccriops  RoxbwgMana 

0-74 

14-88 

4-52      10-36 

From     boughs     about 

3  inches  cliam. 

Terminalia  Chebula. — It  will  be  seen  at  once  that  the  variation  in 
the  percentage  of  tannin  found  in  four  samples  of  this  material  is 
very  great.  As  noticed  by  Dr.  Watt  in  the  Dictionary  of  Economic 
Products  of  India,  the  Tanning  Conference  of  the  Indian  and  Colonial 
Exhibition  had  the  myrobalan  under  its  consideration,  and  it  was  then 
shown  that  the  fruits  most  esteemed  by  the  trade  were  those  of  oval 
and  pointed  form,  of  a  pale  greenish-yellow  colour  and  solid  in  structure, 
while  round  and  spongy  fruits  were  condemned.  Dr.  Paul  undertook 
to  make  a  special  examination  of  the  fruit,  and  was  supplied  with  three 
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perfectly   authenticated     samples.      The    tannin    was   found    to   vary 
in   these  from   7   to   33   per  cent.,    and  the  order   of   value    assigned 
to   them    by    the    practical   expert   was    justified   by  the   analyses. 
It  was  generally  agreed   that   the   tannin   in  different  samples  might 
:pected   to   vary   from   6   to    33    per  cent.,   but    the   important 
work  of   collating    external   appearance    or    age   of    the    fruits   with 
tannin-content  was  not  then  entered  upon.     The  establishment  of  the 
'.  ch  Laboratories  of  the  Imperial  Institute  has  made  it  possible 
for  this  work  to  be  taken  up  systematically,  and  under  conditions  that, 
it  is  hoped,  will  ensure  beneficial  results.     The  variations  in  the  pro- 
portion of   tannin   in   the   specimens  of   Terminalia    analysed  having 
been  brought  under  the  notice  of  the  Indian  Government,  it  has  been 
decided  to  collect  samples  with  the  specific  object  of  determining  the 
influence  upon  the  amount  of  tannin  exerted  (a)  by  the  age  of  the  parent 
plant,  (b)  by  the  age  of  the  fruit  itself,  and  also  as  far  as  possible  (r)  by  the 
locality  where  the  plant  is  grown.     In  regard  to  the  results  given  above 
it  may  be  pointed  out  that  the  specimen  (Xo.   1093)  which  possessed 
-trongly  the  characteristics  condemned  by  the  Tannin  Conference 
t  the  richest  in  tannin. 

,/,,,,, — Both  the  bark  and  the  pods  of  this  tree,  the  well- 
known  Ji<(b<'f,  contain  tannin.  An  early  analysis  of  the  pods  shows  that 
the  husk  or  cases  alone  contain  GO  per  cent,  of  tannin,  and  the  seeds 
themselves  practically  none.  The  sample  of  pods  examined  in  the 
Research  Laboratories  contained  only  9 -5  per  cent.,  while  two  speci- 
mens in  the  possession  of  Mr.  Procter  contained  9  and  13  per  cent, 
respectively.  In  all  three  instances  the  seeds  were  not  separated,  nor 
would  this  be  likely  to  prove  a  very  practicable  operation  upon  a  large 
scale.  The  bark,  which"  is  stated  to  contain  19  per  cent,  of  tannin,  is 
much  more  largely  used  in  India,  but  nothing  is  known  definitely  of  its 
tannih-habit. 

The  Indian  Government  has  arranged  to  gather  a  complete  series 
of  samples  of  this  bark  at  four  periods  of  the  year,  and  from  old  and 
y-juiiLr  trees. 

',//,/ — The  bark  of  this  tree  is  one  of  the  most  valuable 
of  Indian  tan-stuffs,  but  its  value  would  probably  be  increased  if  more 
were  known  of  its  tannin-habit.  The  figures  above  given  indicate  to 
what  variations  in  amount  of  astringent  principle,  and  therefore  in 
commercial  value,  it  may  be  liable.  The  Indian  Government  has 
decided  to  obtain  a  series  of  authentic  samples  of  this  also,  to  be 
examined  in  the  same  manner  as  the  two  last-mentioned  tan-stuff-1. 

The  remaining  pair  of  analyses  given  in  the  above  table  are  of 
materials  which  have  a  good  reputation  in  India,  and  are  known  to 
confer  special  and  valuable  properties  on  leather  treated  with  them. 
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The  results  are  recorded  for  comparison,  but  it  is  not  proposed  at  present 
to  deal  exhaustively  with  these  particular  materials. 


December,  1895. 


MANGROVE  BARKS. 


For  some  years  past  an  examination  has  been  proceeding  in  the 
Scientific  Department  of  the  tanning  value  of  a  number  of  Indian 
plants  collected  in  various  districts  and  at  different  stages  of  growth. 
The  principal  object  of  the  enquiry  has  been  to  determine  which  of 
these  plants  are  likely  to  be  of  real  value  as  tanning  agents,  and  to 
ascertain  the  period  of  growth  at  which  the  amount  of  the  tanning  con- 
stituent readies  a  maximum,  so  that  a  reliable  indication  may  be 
obtained  as  to  the  stage  at  which  the  material  should  be  collected. 
The  investigation  has  necessitated  a  very  large  number  of  chemical 
analyses  in  order  to  ascertain  the  percentages  of  tannin  in  the  different 
materials,  and  in  some  cases  samples  have  been  submitted  to  tanning 
experts  with  a  view  to  practical  trials  being  made.  In  all  those 
instances  where  it  seemed  possible  that  the  material  might  possess 
some  value  as  a  dye,  other  samples  have  been  submitted  to  dyeing 
experts,  also  for  practical  trial. 

The  present  report  relates  to  the  chemical  examination  and  tanning 
and  dyeing  trials  of  a  number  of  barks  derived  from  different  plants, 
but  generally  known  as  "  mangrove."  The  following  is  a  list  of  the 
barks  which  have  been  submitted  to  examination,  having  been  received 
through  the  Indian  Section  of  the  Imperial  Institute  : — 


1.  1. 

No. 

Serial 
No. 

Name. 

Quantity 
sent. 

Whence  received. 

7011 

6721 

Bruyuicm  gi/innorJtiz/i     . 

1  Ib. 

Sunderbuns,  Bengal. 

7009 

6719 

<  'I'riops  Candolleema 

»                 » 

6917 

6356 

»               » 

Khulna,  Bengal. 

6918 

5621 

»                                5) 

Calcutta  Bazaar. 

6919 

6059 

„      Roxburghiama 

Burma. 

7010 

6720 

l\«,i<!t'li((  lUtt'i'ilii    . 

Sunderbuns,  Bengal. 

7008 

6718 

ni<i-.<i[iliurfi  niiirroiintii 

Bengal. 

(Bija  or  True  mangrove) 

8058 

8615 

i)                    » 

i) 

Henzado,  Pegu   Circle, 

Burma. 

From  certain  of  these  barks  extracts  were  prepared  in  India ;  the 
first  three  extracts  were  received  from  the  Conservator  of  Forests, 
Bengal,  the  last  two  from  Pegu  Circle,  Burma. 

Apparently  these  extracts  have  been  roughly  prepared,  probably 
by  evaporation  in  an  open  pan. 
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1.  1. 

N   . 

Serial 

No. 

Name. 

Weight  of 
bark  used. 

Cost  of 
preparation. 

Amount  of 
solid  extract 
produced. 

77"9 

7138 

-  GattdoBftsna 

17i  seers 

R6-10-3 

1-*  lb 

7711         7156 

n            » 

. 

18       „ 

R7-12-0 

i    „ 

771"         7139       KnmlfUn  Eh- 

16      „ 

R9-0-0 

i  A  ,, 

10062    '     8650       Rhizophora  miicronata\ 
101364        8656       TermiiwUa  Olictri      J 

Xo  details. 

Xo  details. 

Xo  details. 

Chemical  Examination. — The  percentages  of  moisture  and  of  tannin 
have  been  determined  in  the  case  of  each  bark  and  of  each  extract 
derived  from  it,  the  percentage  of  tannin  being  calculated  upon  the 
material  dried  at  11CT  C.  The  following  results  have  been  obtained  : — 


1.  1. 

Xo. 

Serial 

No. 

HUM. 

Material. 

Moisture 
per  cent. 

Tanning 
matter  on 
dried 
material. 

7011 

67-21 

'•rhi-n- 

Bark 

14-14 

12-77 

7009 

6719 

•  -•  C'lii"!"?!"1""  . 

n 

14-47 

17-77 

6917 

6356 

» 

» 

12-32 

21-54 

6918 

6621 

» 

u 

17-18 

1323 

7709 

7138 

»> 

Extract 

21-96 

73-04 

7711 

7156 

» 

•26-02 

71-2-2 

6919 

0059 

BazburghiaiM 

Bark 

12-14 

2.3-54 

7010 

8720 

Kanddia  Ehcolii 

it 

14-29 

11-99 

771" 

6726 

it              »            •         • 

Extract 

23-06 

34-21 

7008 

6718 

Rhi~.f>phora  mucronata 

Bark 

14-22 

27-29 

si  1,38 

8615 

»                » 

jj 

13-17 

4-13 

101162 

8650 

»>                >t                • 

Extract 

13-41 

75-94 

10064 

8653 

'dflUn.   OUl-ffi     .    . 

it 

1084 

Gs  -27 

These  results  show  that  many  of  these  barks  are  very  rich  in  tannin, 
notably  one  specimen  of  Rhizophora  mucronata  which  contains  over  27 
per  cent.,  although  the  second  specimen  of  the  same  bark  contains  only 
4  per  cent.  It  is  desirable  that  further  samples,  of  known  origin  and 
age,  of  Rhizophora  bark  should  be  sent  for  examination  so  that  the 
cause  of  the  great  discrepancy  between  the  percentage  of  tannin  in 
these  two  samples  may  be  cleared  up.  As  might  be  expected,  the 
extract,  presumably  prepared  from  the  bark  numbered  6718,  contains 
a  high  percentage  of  tannin,  namely,  nearly  76  per  cent.  The  bark  of 
Ceriops  BosxAwrghiana^  of  which  only  one  sample  was  submitted,  is  also 
rich  in  tannin,  containing  23-5  per  cent.  Considerable  variation  is 
shown  in  the  percentage  yielded  by  the  three  specimens  of  Ceriops 
,  namely,  13,  17  and  21.  The  lowest  percentages  of  tannin 
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are  furnished  by  the  two  barks  Bruguiera  gymnorhiza  and  Kandelia 
Rheedii,  namely  12 '7  and  11-9,  but  here  only  one  sample  of  each  of 
these  barks  was  sent.  Further  information  is  required  as  to  Terminalia 
OHveri,  of  which  the  extract  only  was  sent ;  this  extract  is  rich  in 
tannin.  Very  little  seems  to  be  known  of  this  plant,  at  any  rate  under 
this  name. 

It  is  evident  from  the  results  recorded  above  that  there  is  consider- 
able variation  in  composition  in  different  samples  of  one  and  the  same 
bark,  which  points  to  the  desirability  of  collecting  these  barks 
systematically  at  different  stages  of  growth  so  that  it  may  be 
ascertained  by  chemical  analysis  when  the  tanning  value  reaches  its 
maximum. 

In  this  connection  attention  should  be  drawn  to  the  fact  that  certain 
analyses  of  these  barks  and  extracts  are  already  on  record  (Programme 
of  Indian  Museum  and  Imperial  Institute  Collections,  1898-99),  appar- 
ently having  been  made  in  India,  some  of  which  show  considerable 
variations  when  compared  with  the  numbers  now  given.  It  is,  however, 
not  clear  from  the  reference  in  the  Programme  whether  the  specimens 
analysed  were  the  same  as  those  sent  to  the  Imperial  Institute,  nor 
is  it  stated  whether  the  hide-power  method  of  determination  employed 
at  the  Imperial  Institute  was  adopted.  Moreover  it  is  not  stated 
whether  the  results  are  calculated  on  material  dried  at  110°  or  calcu- 
lated on  the  air-dried  material ;  in  the  latter  case  it  is  obvious  that 
there  would  necessarily  be  a  difference  in  the  two  sets  of  results,  in 
view  of  the  fact  that  in  India  and  in  England  it  is  improbable  that 
the  same  amount  of  moisture  would  be  present  in  the  materials. 

Tanning  value. — The  following  report  on  the  actual  tanning  value 
of  the  extracts  prepared  in  India  from  these  barks  has  been  made  by  a 
tanning  expert  (Dr.  Gordon  Parker).  Colour  measurements  were  made 
with  each  sample  of  extract.  The  method  of  colour  testing  is  as  follows  : 
A  solution  of  the  tanning  material  containing  exactly  one-half  per  cent, 
of  tanning  matter  is  taken  and  the  colour  of  the  solution  is  determined, 
as  to  the  amount  of  red,  yellow,  and  black  colouring  matter  present, 
by  measurements  in  a  centimetre  cell.  The  following  results  were 
obtained  : — 


1.  1. 

Serial 
No. 

Xanie. 

Material.       Yellow. 

Red. 

Black. 

7709 

7138 

Ccriops  Candollcana  . 

Extract       60'6 

64-2 

6-4 

7711 

7156 

a                      » 

66-2 

68-6 

7-2 

7710 

7139 

Kandelia  PJtccdii 

71-0 

48-1 

4-2 

10062 

8650 

llh  izophora  mucronata 

30-0 

30-0             4-2 

10064 

8653 

T'  •  rut  inn  Jin  Oliri'i'i     . 

55-0 

:to-.i          0-8 
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All  these  extracts  are  too  highly  coloured,  deep  red  and  black  being 
particularly  objectionable  for  tanning.  Possibly  they  may  have  some 
value  as  dyes.  Leather  tanned  with  such  extracts  would  have  a  dark 
rusty-red  colour  and  be  unsuitable  for  any  but  the  most  common 
articles.  The  piece  of  sheepskiver  (attached)  shows  the  result  of  tan- 
ning with  the  extract  of  Terminal.) a  Oliveri.  Tanners  prefer  to  use  a 
very  light-coloured  extract.  Dark  cutches  are  used  for  some  special 
purposes,  such  as  the  manufacture  of  Dongola  leather,  for  blue-black 
Persian  and  leather  which  is  to  be  finished  black,  but  except  in  these 
particular  instances  the  present  samples  would  be  value'.' 

Dyeing  va?>.i.e.—A  report  on  the  dyeing  value  of  the  extracts  has  been 
made  by  the  expert  (Professor  Hummel). 

The  samples  were  tested  by  the  method  described  in  a  paper  by  Pro- 
Hummel  and  Mr.  Reginald  Brown  on  "  The  Dyeing  Properties 
of  Catechin  and  Catechu-Tannic  Acid"  (Jour.  Soc.  Chemical  Industry, 
June  1896,  p.  424  :  see  also  this  vol.,  p.  220). 

">ps  Candollean".  Xo.  713*  7709. — This  sample  of  extract  has  a 
dark  brown  colour  and  exhibits  a  lustrous  fracture. 

Calico  boiled  with  an  aqueous  decoction  of  the  extract  containing 
copper  sulphate  acquires  a  pale  reddish-brown  colour ;  when  saddened 
with  potassium  bichromate,  the  colour  loses  its  redness  and  is  changed 
to  a  pale  brown  of  more  neutral  tint,  but  there  is  little  or  no  increase  in 
the  depth  of  colour.  Repetition  of  the  dyeing  and  saddening  processes 
gives  a  deeper  brown,  but  it  is  still  very  pale  as  compared  with  the 
colour  given  by  a  good  quality  of  cutch. 

The  tinctorial  power  of  the  sample  is  so  weak  that  it  can  have  little 
or  no  commercial  value. 

'•ops  CandoUeantk,  No.  71 50  771 1. — The  appearance  of  this  extract 
and  its  dyeing  properties  are  practically  the  same  as  those  of  the  pre- 
vious sample,  the  final  colour  being  only  very  slightly  darker.  Owing  to 
its  low  colouring  power  this  cutch  has  also  little  or  no  commercial  value. 

Kanddia  Jtheedii,  No.  7139/7710. — This  sample  has  a  dark  brown 
colour  and  exhibits  a  lustrous  fracture. 

When  submitted  to  the  test  of  dyeing  calico  this  extract  gives  veiy 
poor  results.  Its  colouring  power  is  much  inferior  to  that  of  the 
extracts  of  Ceriops  Candotleana,  and  it  must  be  regarded  as  having  no 
commercial  value. 

Terminal  ia  Oliveri,  Xo.  8653  10064. — The  appearance  of  this 
sample  is  similar  to  that  of  the  last-mentioned  sample  (Kandelia 
Rheedii),  its  dyeing  power  being  even  inferior.  It  has  therefore  no 
commercial  value. 

Rkizophora  iini.<:ru,tata,  X\>.  £650  10062. — The  appearance  of  this 
sample  of  extract  is  similar  to  that  of  No.  8653,  Terminalia,  Oliveri. 
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Its  dyeing  properties  are  very  similar  to  those  of  the  extracts  of 
Ceriops  Candolleana,  the  colour  finally  obtained  being  slightly  darker 
and  redder  than  that  given  by  sample  No.  7156. 

The  colouring  power  of  this  sample  is  so  low  that  it  can  have  but 
little  commercial  value. 

If  the  above  samples  are  arranged  according  to  their  tinctorial  power 
their  order  is  as  follows  : — Rhizophora  mucronata,  Ceriops  Candolleana, 
Kandelia  Rheedii,  Terminalia  Oliveri.  (See  accompanying  specimens 
of  dyed  calicos.) 

The  results  of  these  experiments  show  that  for  the  purposes  of  the 
cotton  dyer,  the  cutch  made  from  Rhizophora  mucronata  is  the  best, 
but  is  far  from  being  equal  to  the  best  cutches  sold  for  this  purpose. 

It  is  probable  that  the  tinctorial  value  of  some  of  these  "  cutches  " 
or  extracts  might  be  improved  by  modifying  in  some  way  the  process 
of  extraction,  for  there  is  no  doubt  that  the  quality  of  a  cutch  depends 
to  some  extent  on  the  details  connected  with  the  method  of  extraction. 
This  point  is  referred  to  in  the  Ayricnltural  Ledger,  1896,  No.  2 
(A.  136-1 99),  where  a  cutch  is  reported  upon  as  very  inferior  and 
described  as  "overboiled." 

The  results  of  the  analyses,  and  tanning  and  dyeing  trials  of  these 
barks  and  extracts,  are  only  satisfactory  in  showing  that  some  specimens 
are  particularly  rich  in  tannin.  Their  value  as  tanning  agents  is,  how- 
ever, very  restricted,  owing  to  the  considerable  quantity  of  colouring 
matter  which  is  also  present  in  the  barks,  which  becomes  very  promin- 
ent in  the  finished  extract  or  cutch.  No  particulars  have  so  far  been 
given  as  to  the  exact  method  of  procedure  which  has  been  followed  in 
preparing  these  extracts.  It  is  possible  that  improvement  might  be 
effected  in  the  method  of  preparation,  and  thus  the  amount  of  colour  in 
the  finished  product  lessened,  when  they  will  become  more  valuable  as 
tanning  agents.  If,  however,  the  materials  are  considered  from  the  dyer's 
point  of  view  a  different  mode  of  treatment  must  be  adopted  in  order  to 
secure  the  maximum  of  colouring  matter  and  to  prevent,  during  the  pre- 
paration of  the  extract,  any  deterioration  of  this  colour.  It  would 
therefore  appear  to  be  worth  while  to  prepare  other  extracts  from  these 
barks  with  a  view  of  determining  whether,  by  suitable  modification  in  the 
method,  valuable  tanning  extracts  could  be  obtained,  and  also  whether 
by  a  different  process  these  barks  might  be  made  to  furnish  an  extract 
more  satisfactory  from  the  dyer's  point  of  view. 

Should  there  be  any  difficulty  in  India  in  making  these  experiments 
on  the  best  method  of  preparing  the  extracts,  they  might  be  conducted 
in  tin's  Department. 

March,  1899. 
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THE  C.ESALPINIAS. 

The  present  report  deals  with  two  species  of  Gcesalpinia  indigenous 
to  India.  G.  coriaria  or  Indian  "  divi-divi  "  has  already  found  con- 
siderable use  as  a  tanning  agent  both  in  India  and  in  Europe. 
(.'.  diijyna  has  apparently  so  far  been  used  as  a  tanning  agent  only  in 
India,  and  even  there  to  a  very  limited  extent.  As  little  or  nothing  is 
known  as  to  the  nature  and  amount  of  the  tanning  constituents  of 
this  variety,  it  was  thought  desirable  to  submit  it  to  examination. 

The  results  obtained  in  the  examination  of  these  two  species  of 
L'»*"fp>j/><!  show*  that  whilst  C.  coriaria,  Indian  divi-divi,  is  inferior 
to  the  product  derived  from  South  America  and  largely  employed  by 
the  tanner,  C.  di<jyna  seems  likely  to  be  a  valuable  tanning  agent, 
possibly  superior  to  the  best  "  divi-divi ''  of  European  commerce.  In 
order  to  substantiate  the  value  of  this  material  indicated  by  the  results 
of  the  present  preliminary  examination,  it  will  be  necessary  to 
transmit  a  larger  supply  in  order  that  tanning  experiments  may  be 
conducted  with  some  approximation  to  the  conditions  which  obtain  in 
the  tannery. 

iJpinia  coriaria  (Indian  Dii-i-Divi). 

The  divi-divi  of  commerce,  which  is  obtained  chiefly  from  South 
America,  usually  contains  from  30  to  50  per  cent,  of  tanning  matter. 
Indian  divi-divi  has  so  far  been  regarded  by  the  tanner  as  inferior  to 
the  South  American  product.  The  results  of  the  analyses  now  re- 
corded confirm  this  conclusion  ;  the  two  specimens  derived  from  the 
Province  of  Bengal  represent  an  average  of  about  30  per  cent,  of 
tanning  matter.  It  is  possible,  however,  that  other  samples  collected 
in  different  districts  and  at  different  stages  of  growth  might  show 
better  results,  and  it  is  probably  desirable  to  pursue  the  enquiry 
further  in  this  direction,  although  it  should  be  remembered  that 
divi-divi  is  at  present  regarded  with  some  disfavour  by  the  tanner, 
on  account  of  the  acidity  of  its  aqueous  extract  and  its  liability  to 
undergo  fermentation,  which  leads  to  the  production  of  red  stains  on 
the  leather. 
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1.  1. 

No. 

(Serial 
No. 

Name. 

Material. 

Whence  received. 

7447 

8026 

Cceaalpinia  <-<jr!nria 

Pods  . 

Sonthal     Parganas, 

Bengal. 

7437 

8027 

» 

j» 

Pods      and 

.,             ,, 

seeds. 

7438 

SOL'S 

<) 

» 

Pods  . 

Ramputhat,  Bengal. 

Taiining  matter            Total 

Nuii- 

1.  1. 

Serial 

^Moisture 

in  material               soluble 

tanning 

Ash 

No. 

No. 

per  cent. 

dried  at  110°  C.           matter 

matter 

per  cent. 

per  cent.             per  cent. 

per  cent. 

7447 

8026 

12-80 

19-73               57-48 

40-0 

3-19 

7437 

8027 

11-30 

28-80               55-68 

30-06 

•237 

7438 

8028 

13-10 

32-79               4U-0 

28-5 

3-30 

Ccesalpinia  digyna. 

Cd'salpinia  digyna  has  been  locally  used  in  India  as  a  tanning 
agent.  The  pods  of  this  plant  differ  in  shape  from  those  of 
C.  coriaria ;  they  are  much  larger,  and  hold  two  thick-shelled  peas 
which  contain  oil  but  very  little  tanning  matter.  For  use  in  tanning 
the  pods  of  C.  coriaria  are  ground  entire,  including  the  seeds,  but 
since  it  was  easy  to  remove  the  much  larger  seeds  of  C.  digyna,  the 
pod-case  was  ground  alone,  and  by  this  means  the  portion  containing 
the  larger  amount  of  tannin  was  separated.  The  pod-case  is  easily 
ground  to  a  nearly  white  powder  from  which  water  readily  dissolves 
the  tanning  constituents,  furnishing  a  clear  liquid  which  is  of  a  light 
or  dark  brown  colour,  depending  on  its  strength.  The  analysis  of  the 
powdered  pod-cases  shows  a  percentage  of  over  50  per  cent,  of  tanning 
matter ;  in  one  instance  (the  sample  from  Assam)  the  percentage  of 
tanning  matter  amounted  to  nearly  60  per  cent.  It  is  therefore  clear 
that  the  tanning  value  of  this  material  is  greater  than  that  of  the 
South  American  divi-divi,  and  it  is  therefore  worth  while  to  pursue  the 
matter  further  and  ascertain  precisely  what  the  commercial  value  of 
the  "  pod-cases  "  of  this  plant  would  be.  In  the  case  of  divi-divi  the 
usual  plan  is  to  prepare  for  the  use  of  the  tanner  an  "  extract  "  of  the 
material,  but  the  pod-cases  of  C.  digyna  are  so  rich  in  tannin  that  the 
material  could  be  used  direct  by  the  tanner  without  the  previous 
preparation  of  an  extract,  which,  as  is  well  known,  is  a  dis- 
advantageous process,  since  it  always  leads  to  a  considerable 
enhancement  in  colour. 

With  the  view  of  obtaining  a  practical  opinion  as  to  the  tanning 
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value  of  this  powder  a  sample  was  furnished  to  a  well-known  tanning 
expert,  who  reports  that  he  is  much  impressed  with  the  results  that  he 
has  so  far  obtained  ;  they  compare  very  favourably  with  those  furnished 
by  the  best  divi-divi,  whilst  the  aqueous  liquor  from  C.  digyna  did  not 
appear  to  undergo  the  injurious  fermentation  which  is  the  difficulty  in 
the  use  of  divi-divi.  He  recommends  that  trials  should  now  be 
made  on  a  larger  scale  in  the  tanyard.  For  this  purpose  about  a 
hundredweight  of  material  would  be  required.  If  possible,  the  seeds 
should  be  separated  in  India  from  the  pods,  and  the  latter  alone 
forwarded,  preferably  ground  to  a  rather  fine  powder. 

The  following  table  includes  the  results  of  the  analysis  of  three 
specimens  of  the  powdei'ed  pod-cases  of  C.  diyyna,  derived  from  Burma 
and  Assam,  the  sample  from  Assam  being  richest  in  tannin. 

inia  digyna. 


Tanning  matter 

Total 

Non- 

1.  1. 
VOL 

Serial 
No. 

Whence  received. 

!  Moisture 
;  per  cent. 

in  material 
dried  at  110  C. 

soluble 
matter 

tanning 
matter 

Ash 
per  cent. 

t 

per  cent. 

per  cent. 

per  cent. 

6921 

6258 

Pegu         Circle, 

11-07 

53-82 

61-95 

14-08 

2-28 

Burma. 

6372 

4387 

Eastern    Circle. 

10-93 

53-86 

62-83 

14-86 

3-76 

Burma. 

9293 

10795 

Assam. 

11-40 

59-89 

65-80 

12-73 

1-84 

April,  1899. 


CoaaUpvnia  digyna.     Second  Report. 


In  the  first  report,  dated  April  1899,  attention  has  been  drawn  to 
the  richness  in  tannin  of  the  pod-cases  of  this  plant  and,  as  the  result 
of  the  preliminary  trials  in  the  tanyard,  to  the  considerable  value 
which  it  probably  possesses  as  a  tanning  agent.  In  the  conclusion  of 
that  report  it  was  requested  that  about  one  hundredweight  of  the 
material  should  be  sent  from  India  in  order  that  tanning  trials  on 
a  larger  scale  might  be  conducted  with  a  view  to  confirming  the 
favourable  opinion  of  its  tanning  properties  and  its  commercial  value. 

In  a  Flying  Seal  letter  dated  May  31,  1900,  the  Reporter  on 
Economic  Products  advises  the  despatch  of  40  Ib.  each  of  two  new 
samples,  Register  Xos.  14254  and  14255,  which  were  obtained,  as 
before,  from  Assam  and  Burma.  These  materials  were,  however,  not 
received  at  the  Imperial  Institute  until  August  1900,  whilst  the 
quantity  sent  was  smaller  than  that  asked  for,  a  circumstance  which 
has  made  the  tanning  trials  on  a  large  scale  much  more  difficult  to 
I  o 
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carry  out.  The  following  are  the  results  of  the  analyses  of  the  two 
new  samples,  tabulated  side  by  side  with  those  of  the  previous 
samples  already  reported  upon. 

Second  sample  from  Assam. 

This  sample  is  stated  to  have  been  collected  in  the  winter,  whilst 
the  former  sample  was  collected  in  the  hot  weather.  The  pods 
closely  resemble  those  formerly  examined,  but  are,  perhaps,  rather 
darker.  They  were  from  1|  to  2  inches  long  and  from  f  to  f  inches 
wide.  The  colour  varied  from  pale  reddish-brown  to  dark  chocolate. 
When  the  pods  are  broken,  the  interior  of  the  cases  are  found  to  be 
nearly  white.  The  dark  brown  seeds  vary  in  length  from  \  to  i  an 
inch,  are  ovoid  in  shape  and  very  hard.  They  are  almost  free  from 
astringent  taste  and  contain  less  than  one  per  cent,  of  tannin. 

The  results  of  the  analyses  are  as  follows,  the  hide-powder  method 
being  used  for  the  estimation  of  the  tannin : — 


Second  Sample, 

First  Sample, 

Register  No.  14,254. 

Register  No.  10,795. 

Pods,  entire, 

Pod-cases 

Pod-cases 

with  seeds. 

only. 

only. 

per  cent. 

per  cent. 

per  cent. 

Moisture  ..... 

13-78 

13-72 

11-40 

Total  soluble  matter 

44-84 

55-57 

65-80 

Non-tanning  matter 

17-22 

16-35 

12-73 

Tannin  in  air-dried  material    . 

27-62 

39-22 

53-07 

Tannin    in    material   dried   at 

32-03 

45-45 

59-89 

105°  C. 

Ash  

2-20 

2-30 

1-84 

It  appears  from  these  analyses  that  this  second  sample  is  not  so 
rich  in  tannin  as  the  first,  the  present  sample  containing  45  per 
cent,  and  the  former  sample  59-89  per  cent.  ;  these  numbers  referring 
to  the  pod-cases  only  and  not  to  the  seeds,  which,  .as  already  pointed 
out,  contain  little  tannin. 

Third  sample  from  Burma. 

This  sample  presents  a  better  appearance  than  that  formerly  ex- 
amined, the  pods  being  more  uniform  in  size  and  appearance,  lighter 
in  colour  and  less  shrivelled. 

The  analysis  has  been  conducted  on  two  sets,  (a)  and  (6),  of  pods, 
differing  as  much  as  possible  in  length,  picked  out  of  the  entire 
parcel.  Their  average  length  was  If  inches. 
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Third  Sample, 
RegistCT  NV>.  14.u 

Previous  Samples, 
Register  Xos.  6258 
and  43.S7. 

Pods,  entire, 

Pod  -cases 

Pod  -cases 

with  seeds. 

only. 

only. 

per  cent. 

13-11 
(«)         (b) 

per  cent. 
13-17 

(«)         (b) 

per  cent,     per  cent. 

11-07        10-93 

Total  soluble  matter        .         .      39  '89    43  '59 

71-29    71-14 

61-95        62-83 

Non-tanning  matter          .         .      17'15    21  "25 
Tannin  in  air-dried  material    .      22  '74     22  '34 

18-70    21-25 
5-2.19     50-09 

14-08        14-86 
47-87       47-97 

Tannin    in   material    dried   at     26  '17     25  '75 

60-56    5862 

53-82        53-86 

105;  C. 

Ash  

1-98      2-05 

2-20      2-00 

2-28         3-76 

It  is  therefore  clear  that  this  sample  contains  more  tannin  than 
the  previous  samples  from  Burma ;  the  percentage  of  tannin 
amounting  to  no  less  than  60'5  per  cent.,  which  is  a  slightly 
higher  percentage  than  that  found  in  the  first  sample  sent  from 
Assam. 

Ceegaifinia  digyna  is  thus  placed  among  the  richest  of  tannin- 
producing  plants.  The  conclusion  seems  warranted  that  large  well- 
developed  and  unshrivelled  pods  will  prove  to  be  the  most  valuable, 
and  it  also  seems  probable  that  the  pods  should  be  collected  when 
just  ripe  and  not  allowed  to  shrivel  on  the  tree  after  ripening. 
These  are  questions  which  will  require  attention,  since  considerable 
variations  are  shown  in  the  percentages  of  tannin  in  the  samples 
examined. 

Trials  have  been  ~made  in  the  tanyard,  on  as  large  a  scale  as 
possible,  Avith  the  Burma  sample,  and  as  a  result  of  these  trials  the 
tanning  expert  has  been  very  favourably  impressed  with  the  value 
of  this  variety  of  Ccesalpinia,  confirming  in  every  respect  the  opinion 
expressed  in  the  first  report.  It  is  concluded  that  the  pod-cases  might 
be  successfully  used  in  tanning  in  both  branches  of  the  leather 
industry.  It  is  found  that  the  material  is  well  adapted  for  the 
manufacture  of  light  leather  such  as  that  produced  from  calf,  goat  and 
sheep  skins,  and  equally  well  adapted,  mixed  with  other  agents,  for  the 
tanning  of  the  heavier  leather  used  for  the  soles  of  boots. 

In  illustration  of  this,  a  sample  is  enclosed  of  split  calf  skin  tanned 
with  Ccesalpinia  digyna  which  shows  the  excellent  colour  of  the 
resulting  leather.  A  second  sample  is  enclosed  dyed  with  an  aniline 
colour,  showing  that  leather  tanned  with  Ccesalpinia  digyna  possesses 
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the  property  of  absorbing  the  dye  uniformly,  producing  an  excellent 
result. 

These  trials,  owing  to  the  small  quantity  of  material  available,  were 
conducted  with  the  entire  pods  containing  the  seeds.  It  has  been  already 
pointed  out,  however,  that  the  seeds  are  worthless  as  a  tanning  agent, 
and  it  now  appears  that  if  they  are  included,  there  is  the  additional 
disadvantage  that  the  liquor  is  apt  to  ferment,  owing  to  the  presence 
of  albuminous  material  derived  from  the  seeds.  The  pod-cases  alone 
should  be  used,  and  it  is  probable  that  a  machine  similar  to  that 
used  for  "stoning"  myrobalans  could  be  employed  for  the  removal 
of  the  seeds  from  the  pod-cases.  The  ground  pod-cases  could  be 
easily  packed  for  export. 

It  therefore  appears  that  there  is  no  reason  why  Crusalpinia  digyna 
should  not  be  introduced  to  the  market  as  a  tanning  agent  possessing 
properties  of  special  value,  which  render  it  of  more  importance  than 
Cwsalpinia  coriaria  or  Divi-divi,  to  which  reference  was  made  in  the 
previous  report  (April  1899). 

A  number  of  commercial  enquiries  have  already  been  made  for 
Ca'salpinia  digyna  on  which  correspondence  has  been  taking  place 
between  the  Imperial  Institute,  the  Reporter  on  Economic  Products, 
and  the  brokers  and  merchants  concerned.  The  question  now  is, 
whether  the  demand  can  be  met  in  India  at  the  commercial 

valuation. 

• 

Until  the  material  becomes  fairly  well  known  among  tanners,  it  is  not 
likely  to  command  its  full  commercial  value.  It  has  been  ascertained 
from  brokers  and  others,  that  at  first  it  might  be  expected  to 
command  a  ready  sale  in  this  country  at  from  £8  to  £10  per  ton. 

Among  the  enquiries  which  have  been  made,  one  from  New  York, 
asking  whether  it  is  likely  that  the  trees  could  be  transplanted  to 
tropical  America,  may  be  mentioned.  For  information  on  this  point 
the  writer  was  referred  to  the  Reporter  on  Economic  Products  to  the 
Government  of  India. 

The  attention  of  this  Department  has  been  lately  directed  by  the 
Foreign  Office  to  the  tanning  value  of  the  Ccesalpinia  brevifolia  or 
Algarrobilla  of  Chile,  and  experiments  are  now  in  progress  with 
material  provided  by  the  British  Consulate  in  Chile.  Like  C.  digyna 
the  pod-cases  of  this  plant  are  very  rich  in  tannin  (see  Agricultural 
Ledger,  No.  9,  1899),  and  it  seems  likely  that  this  variety  of  Cresalpinia 
also  may  be  valuable  as  a  tanning  agent.  It  has  been  more  than 
once  suggested  that  this  plant  might  be  cultivated  in  certain  districts 
of  India,  where  the  climate  bears  some  resemblance  to  that  of  Chile, 
and  it  is  understood  that  at  the  instance  of  Kew  planting  trials 
were  made  in  India  some  years  ago,  but  the  results  are  stated  to  have 
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been  unsatisfactory.     This  Department  will    be  glad  to  receive   any 
information  with  reference  to  this   subject,  especially  in  its  relation 
to  the  possible  growth  of  this  plant  in  India. 
July,  1901. 

Canadian  Stag-horn  Sumach, 

Camples  of  the  plants  and  fruits  of  the  Canadian  Stag-horn  Sumach 
(Rhus  typhina)  were  received  through  the  Curator  of  the  Canadian 
Section  of  the  Imperial  Institute,  having  been  sent  by  the  Ontario 
Bureau  of  Forestry,  for  a  report  on  the  value  of  the  material  as  a 
tanning  agent,  with  special  reference  to  the  question  as  to  the  part  of 
the  plant  which  should  be  employed,  the  process  which  should  be  used 
in  preparing  the  material,  and  the  manner  in  which  it  should  be 
employed. 

In  the  first  instance  the  plant  was  subjected  to  chemical  analysis 
chiefly  with  the  view  of  ascertaining  the  percentage  of  tannin  contained 
in  different  parts  of  the  plant. 

The  portions  richest  in  tannin  were  then  submitted  to  a  practical 
tanner  for  a  report  on  their  commercial  value. 

Chemical  Analysis  of  Canadian  Sumach. 

The  analysis  has  been  conducted  on  the  leaves,  woody  shoots,  and 
fruits  of  the  plant  separated  from  each  other  and  dried  by  exposure 
to  the  air  for  about  two  days.  Each  specimen  was  then  finely 
powdered,  and  the  percentage  of  tannin  ascertained  by  the  process 
recommended  by  the  International  Association  of  Leather  Trades' 
Chemists,  the  principle  of  which  is  to  determine  the  amount  of  tannin 
in  the  watery  extract  of  the  material  by  its  action  on  hide-powder. 

The  watery  extract  from  the  leaves  was  rather  highly  coloured ; 
that  from  the  woody  shoots  was  lighter,  and  contained  a  bright  yellow 
colouring  matter,  the  nature  of  which  is  being  further  investigated. 

The  analytical  results  are  as  follows  : — 

Leaves.         '  Woody  shoots,  j          Fr.. 


Moisture    . 
Ash    .                 

per  cent. 
5-00 
0'63 

percent. 
5-04 
0"40 

per  cent. 

9-63 
1-12 

Total  soluble  matter  .... 
Xon-tauning  matter  . 
Tanning  matter  ;in  air-dried  material) 
Tanning  matter  (in  material  dried  at 

83-68 

1492 
18-76 
19-75 

11-87 
8-97 
2-90 
305 

9-80 
685 
2-95 
3-26 
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These  figures  should  be  compared  with  those  obtained  in  the  analysis 
of  the  Sicilian  Sumach  of  commerce,  which  is  chiefly  derived  from 
Rhus  Coriaria,  and  is  an  important  article  of  commerce. 

The  leaves  of  the  Canadian  Sumach  are  evidently  the  only  part  of 
the  plant  which  contains  sufficient  tannin  to  be  important,  from  a 
commercial  point  of  view.  The  percentage  of  18-76  is  rather  below 
the  average  amount  of  tannin  present  in  the  best  Sicilian  Sumach, 
and  considerably  less  than  that  often  found  in  American  Sumach, 
which,  like  Canadian  Sumach,  is  said  to  be  derived  from  Rhus 
typhina. 

It  would  therefore  appear  that  the  present  sample  of  Canadian 
Sumach  leaves  are  somewhat  deficient  in  tannin.  We  have,  however, 
110  information  as  to  the  time  of  the  year  at  which  the  samples  were 
collected,  and  it  is  known  that  at  different  stages  of  growth  the 
amount  of  tannin  shows  great  variation.  It  would,  therefore,  be 
desirable  to  submit  other  specimens  of  the  leaves,  properly  ground 
and  air-dried,  to  analysis,  collecting  them  at  different  periods  of 
growth.  There  is  some  ground  for  believing  that  the  percentage  of 
tannin  apparently  reaches  its  maximum  just  before  the  plant  has 
attained  maturity. 

If  Canadian  Sumach  is  to  command  a  good  price  in  the  English 
market,  it  is  clear  that  the  percentage  of  tannin  must  not  fall  below 
22  per  cent. 

Commercial  Value  of  Canadian  Sumach  as  a  Tanning  Agent. 

It  having  been  thus  ascertained,  by  chemical  analysis,  that  the 
leaves  of  the  Canadian  Sumach  contain  more  tannin  than  the  other 
parts  of  the  plant,  a  small  quantity  of  the  leaves  was  sent  to  a  tanning 
expert  so  that  actual  trials  might  be  made  of  their  tanning  value  as 
compared  with  good  Sicilian  Sumach. 

Sicilian  Sumach  is  mainly  used  in  this  country  for  tanning  the 
skins  of  goats  and  sheep  for  the  manufacture  of  a  light-coloured,  very 
soft  leather  such  as  is  used  in  making  gloves.  It  is  also  used  for 
tanning  split  sheep-skins. 

Apiece  of  English  sheep  "grain"  which  has  been  tanned  with  an 
ordinary  infusion  of  Sicilian  Sumach  is  enclosed ;  also  a  piece  of  the 
same  skin,  treated  in  the  same  manner  and  tanned  with  Canadian 
Sumach;  whilst  the  third  specimen  is  of  the  same  skin  previously 
pickled  in  acid  and  salt,  as  is  the  common  practice  in  preserving  skins 
for  the  American  market.  This  "pickled"  skin  has  been  tanned  with 
Canadian  Sumach. 

The  conclusion  to  be  drawn  from  these  three  specimens  is  that,  as 
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to  te  expected  from  the  small  percentage  of  tannin,  this  sample 
of  Canadian  Sumach  13,  apart  from  the  colour,  inefficient  as  com- 
pared with  good  Sicilian  Sumach ;  in  fact  it  is  doubtful  whether  the 
second  sample  of  leather  can  be  regarded  as  "  tanned."  It  appears 
from  the  third  sample  that  Canadian  Sumach  of  better  quality  will  be 
suitable  for  tanning  "  pickled  ''  grain  skins.  Since  large  consignments 
of  pickled  skins  are  exported  from  England  to  America,  it  is  possible 
that  the  employment  of  Canadian  Sumach  for  this  purpose  may  be 
of  commercial  importance. 

With  regard  to  the  commercial  value  of  the  material,  one  cannot 
speak  with  any  certainty  at  present.  The  price  of  Sicilian  Sumach  is 
about  10s.  per  cwt.,  but  the  present  sample  of  Canadian  Sumach  would 
not  command  more  than  half  that  price  on  account  of  its  inferior 
tanning  value. 

If  the  Canadian  material  should  prove  to  be  unsuitable  on  account 
of  the  colour  of  its  infusion  for  tanning  light-coloured  leather,  and 
that  it  could  only  be  used  in  connection  with  the  pickling  process, 
when  a  practical  tanner  would  probably  employ  it  mixed  with  other 
tanning  agents  such  as  Gambier  and  Quebracho,  its  commercial  value 
would  be  even  smaller. 

It  is  clear,  however,  that  the  best  method  of  cultivation,  collection, 
complete  separation  of  leaves  from  stalks,  their  grinding  and  drying, 
requires  to  l>e  very  carefully  considered  by  those  interested  in  this 
matter  in  Canada.  In  this  connection  it  may  be  mentioned  that  much 
practical  information  can  be  obtained  from  Professor  Procter's 
Book  on  Tanning  (E.  and  F.  Spon,  London). 

On  the  whole  the  outlook  for  Canadian  Sumach  is  hopeful,  and  it 
is  possible  that,  with  care,  a  product  might  be  obtained  which  would 
be  of  considerable  value. 

It  is  probable  that  an  "extract"  could  be  produced  by  suitable 
means  from  Canadian  Sumach  which  would  be  valuable,  not  only  for 
tanning,  but  for  other  purposes  for  which  extract  of  Sumach  is  now 
extensively  used.  This  is  also  a  matter  to  which  attention  should  be 
given. 
January,  1900. 

Divi-divi  pods  (Caesalpinia  coriaria)  from  Queensland,  received- 
through  the  Acting  Agent-General, 

The  analysis  of  this  sample  of  Divi-divi  has  furnished  the  following 
results  : — 

Total  soluble  constituents  .         .  .     57-50  per  cent. 

Xon-tanning  matter    . 
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Tanning  matter  (absorbed  by  hide-powder)  43-22  per  cent. 

Tanning  matter  (calculated  on  material  )  ~,   ., 

dried  at  105°  C.)  / 

Moisture  (at  105°  C.)          ....  15-94        „ 

Ash 2-22        „ 

Divi-divi  generally  contains  from  30  to  50  per  cent,  of  tanning 
constituents,  whilst  samples  of  the  same  product  derived  from  India 
have  furnished  percentages  varying  between  12  and  25  per  cent.  It 
therefore  appears  that  this  Queensland  sample  is  of  excellent  quality, 
and,  since  the  colour  is  no  greater  than  the  average,  it  should  prove 
a  valuable  material.  The  present  market  value  of  Divi-divi  varies 
between  £7  and  £10  a  ton. 

January,  1898. 

Mango  bark  from  Demerara,  received  through  the  Commercial 
Department  of  the  Board  of  Trade. 

A  small  sample  of  this  bark  was  sent  for  examination  and  report  on 
its  probable  value  as  a  tanning  agent  in  this  country.  It  is  stated  to 
be  largely  used  for  tanning  purposes  in  Demerara. 

The  sample  received  was  a  fibrous  bark  of  reddish-brown  colour.  Its 
chemical  analysis  furnished  the  following  results : — 

Moisture  at  105°  C.   .         .         .         .         .  13 -6  per  cent. 

Total  soluble  matter  .         .         .         .         .  31-5         ,, 

Non-tanning  matter  .         .         .         .         .  10-9         ,, 

Tannin  in  air-dried  material       .          .          .  20'6         ,, 

Tannin  in  material  dried  at  105°  C.    .         .  23-8         „ 

Ash  (total) 5-2 

This  bark,  doubtless  derived  from  Manyifera  indica,  is  well  known 
in  India,  where  it  is  largely  used  as  a  tanning  agent.  A  sample 
examined  in  this  Department  from  Bengal  gave  13-5  per  cent,  of 
tannin,  whilst  another  sample  from  Pemba  contained  as  much  as  49-39 
per  cent,  of  tannin  calculated  on  the  dried  bark.  The  present  sample 
is  of  medium  quality,  and  would  no  doubt  be  efficient  as  a  tanning 
agent. 

.  Mango  bark,  however,  possesses  the  peculiarity  of  communicating  to 
leather  a  red  tint  which  is  not  popular  with  English  tanners,  and  the 
material  is  at  present  little  known  in  this  country. 

Two  well-known  tanning  experts  have  been  consulted  on  the  subject, 
and  they  both  express  a  doubt  as  to  whether  Mango  bark  could  be 
profitably  exported  to  this  country,  chiefly  for  the  reason  already 
mentioned. 
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At  the  same  time,  both  experts  express  their  readiness  to  make 
experiments  on  the  large  scale  with  this  material.  Neither  of  them 
has  had  any  practical  experience  of  its  use.  If,  therefore,  the 
correspondents  of  the  Board  of  Trade  in  Demerara  are  anxious  to  find 
a  market  in  this  country  for  Mango  bark,  and  consider,  in  view  of  the 
present  report,  that  it  is  worth  while  to  proceed  further  in  the  matter, 
a  consignment  of  about  one  hundredweight  should  be  forwarded  to  this 
Department,  in  order  that  further  experiments  and  technical  trials  on 
the  large  scale  may  be  conducted.  The  results  of  these  trials  would 
enable  a  definite  opinion  to  be  formed  as  to  the  commercial  value  of 
this  material  in  the  English  market. 
July,  1902. 

Leather  from  New  South  Wales,  received  through  the 

Agent-General. 

These  sides  are  stated  to  have  been  tanned  in  Granville,  X.S.W., 
from  a  bullock  killed  in  Glebe  Island  abattoirs. 

The  tanning  process  consisted  in  treatment  for  six  months  with  the 
liquor  of  Wattle  bark,  and  for  six  months  more  with  the  liquor  of 
Valonia. 

In  order  to  arrive  at  a  definite  opinion  as  to  the  character  and 
quality  of  this  leather  as  compared  with  the  best  English  material, 
samples  from  each  of  the  hides  have  been  submitted  to  a  very 
complete  physical  and  chemical  examination.  The  two  sides  of 
leather  have  also  been  submitted  to  our  leather  expert,  who  has  carefully 
examined  them  generally  and  ascertained  their  commercial  value, 
both  in  reference  to  the  best  English  leather  and  also  to  the  best 
samples  of  Australian  leather  now  sent  to  the  English  market. 
They  have  been  also  submitted  to  a  well-known  firm  of  tanners  in 
this  country. 

The  results  of  the  physical  and  chemical  examination  may  be 
tabulated  as  follows  : — 

No.  1.         No.  2. 

Specific  gravity 1-06         1-056 

Moisture  (per  cent.)   .  .       13-33       13-59 

Ash  (per  cent.) 0-66         0-49 

Fat  and  Oil  (per  cent.)  ....  ::,-74  4-28 
Nitrogen  in  finished  leather  (per  cent.)  .  6-36  7-44 
Pure  leather  substance  (L)  (per  cent.)  .  69'06  70-36 
Nitrogen  in  (L)  ....  9-36  10-58 

True  hide  substance  in  (L)  =  H  .         .         .       52-52       59-57 

Combined  tannin  in  (L)  =  G        .         .         .       47-39       40-43 
pi 

Tanning  value  D  =      +  100  90-25       67-85 
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On  the  whole  the  numbers  representing  the  chemical  analyses  of 
the  two  samples  are  in  most  cases  approximately  the  same,  and  show 
that  the  leather  is  satisfactory  as  far  as  its  general  chemical  composition 
is  concerned. 

Putting  aside  a  somewhat  large  proportion  of  oil,  its  chief  defects 
arise  from  its  extreme  softness  and  porosity,  which  cause  it  to  absorb 
considerable  quantities  of  water  with  great  readiness.  To  illustrate 
this,  a  comparative  trial  was  made  with  pieces  of  these  two  leathers 
and  a  similar  piece  of  English  oak-tanned  leather.  The  pieces  of  the 
three  leathers,  of  the  same  weight  and  size,  were  soaked  under  the  same 
conditions  in  water  for  three  hours,  and  then  drained  and  superficially 
dried.  The  two  samples  of  New  South  Wales  leather  had  absorbed  98-26 
and  97'52  per  cent,  of  water  respectively,  whilst  the  English  sample  had 
absorbed  only  50  per  cent.  In  other  words  this  sample  of  Australian 
leather  absorbs  nearly  its  own  weight  of  water,  whilst  the  English 
sample  absorbs  only  half  its  own  weight  under  the  same  conditions. 

Our  leather  expert  reports  that  the  leather  from  New  South  Wales 
is  rather  soft  for  its  thickness.  The  hides  are  well-grown,  and  for 
that  reason  should  have  been  firmer.  They  are  exceedingly  loose  in 
the  offal ;  the  bellies  and  shoulders  being  porous  and  flabby.  The 
butt  portion  is  well  tanned,  is  fairly  firm  and  apparently  more  heavily 
tanned  than  most  Australian  leather. 

The  finish  of  the  leather  could  be  improved,  it  is  rather  rough  and 
would  repay  re-tanning  in  England,  by  which  means  the  offal  would 
be  filled  out  and  the  leather  improved  in  appearance. 

A  very  large  quantity  of  Australian  leather  now  comes  over  to  this 
country,  and  is  sold  on  the  English  market.  These  samples  would 
compare  very  unfavourably,  both  in  finish  and  fulness  of  offal,  with 
some  of  the  best  brands  of  Australian  leather.  These  defects  could, 
however,  be  remedied  by  the  tanner. 

The  tanners  who  examined  the  hides  report  that  they  are  fairly 
tanned,  but  the  leather  is  somewhat  spongy  and  requires  to  be  tanned 
more  solidly.  In  general  appearance  and  finish  the  leather  is  reported 
to  be  inferior  to  the  best  samples  from  Australia  and  New  Zealand. 

It  will  be  seen  that  these  results  tend  to  substantiate  the  report  of 
the  War  Office  Inspectors,  referred  to  in  the  Colonial  Office  letter  to 
the  Agent-General,  dated  December  9,  1899,  to  the  effect  that  the 
leather  is  "soft  and  porous  and  inferior  in  wear-resisting  power,  and 
generally  unsuitable  for  Army  purposes." 

It  is  clear  that  these  defects  could  be  easily  remedied,  and  the 
quality  of  the  leather  greatly  improved,  by  heavier  tanning  than  that 
to  which  these  skins  have  been  submitted  in  New  South  Wales. 

January,  1901. 
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Hides,  Skins,  and  samples  of  Leather  from  Queensland, 

The  hides,  skins,  and  samples  of  leather  were  received  in  November 
from  the  Agent-General  for  Queensland,  with  a  request,  emanat- 
ing from  the  Department  of  Agriculture  in  Brisbane,  that  a  report 
should  be  obtained  as  to  the  commercial  value  of  the  skins,  which  had 
been  cured  by  a  special  process,  the  property  of  the  Patent  Hide 
Curing  Company  of  Brisbane.  Accompanying  the  samples  was  a 
circular  from  the  company  drawing  attention  to  the  advantages  of 
their  process,  and  reports  from  analytical  chemists  and  others  as  to 
its  value,  including  a  chemical  report  from  Mr.  Robert  Mar,  analytical 
chemist,  of  Brisbane.  The  materials  sent  were  as  follows : — Five 
cured  hides  (2  of  buffalo  and  3  of  sheep);  3  marsupial  skins ;  one  ^-ide 
kip  sample  of  leather ;  one  side  bag  sample  of  leather ;  one  sample  of 
sole  leather. 

In  the  first  instance,  Dr.  J.  Gordon  Parker,  Director  of  the  Leather- 
sellers'  Company's  Research  Laboratory,  who  is  the  tanning  expert 
attached  to  this  Department,  was  consulted.  He  advised  that  the 
efficiency  of  the  curing  process  should  be  tested  by  tanning  the  skins 
and  hides,  and  afterwards  obtaining  an  opinion  as  to  the  value  of  the 
leather  they  furnished. 

Leather. — With  reference  to  the  four  simples  of  leather  submitted, 
Dr.  Parker  has  made  the  following  report : — "  All  four  samples  present 
a  hungry  appearance.  They  are  evidently  tanned  with  mimosa  bark, 
and  are  open  and  spongy  in  nature.  The  tannage  is  not  thorough, 
and  the  leather  is  far  from  being  full.  This  refers  specially  to  samples 
marked  1  and  4.  Samples  2  and  3  are  curried,  one  waxed  and  the 
other  satin-finished.  No.  3,  the  waxed  sample,  is  very  poorly  curried ; 
it  presents  a  coarse  and  hungry  appearance  (the  black  which  has  been 
used  has  not  been  filling  enough),  and  would  certainly  be  unsuited 
for  boots,  as  it  would  allow  the  moisture  to  go  through.  Such  work 
would  be  almost  unsalable  on  the  English  market.  Xo.  2,  satin- 
finish,  is  slightly  better,  but  still  poor.  Were  these  goods  to  come  on 
the  English  market  uncurried,  they  could  be  sold  at  a  low  price  to 
English  tanners,  who  would  re-tan  them,  relying  on  increase  in  weight 
for  their  profit.  Were  this  done,  the  leather  could  be  very  much 
improved.  Speaking  generally,  all  four  samples  may  be  classed  as  very 
second-rate  stuff,  the  tannage  being  poor  and  insufficient,  and  the  curry- 
ing work  very  badly  done." 

Cured  skins  and  hides. — Four  skins  (two  sheep-skins  and  two 
marsupial  skins)  were  sent  to  be  tanned  by  one  of  the  largest  tanners 
in  London ;  the  leather  having  been  returned,  Dr.  Parker  was  asked 
to  report  upon  its  condition,  which  he  did  as  follows: — "The  two 
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sheep-skins  appear  to  be  in  perfect  condition,  and  the  cure  which  was 
used  appears  to  have  been  very  thorough  in  its  action.  The  skins  are 
both  thick  and  of  good  quality.  The  two  marsupial  skins  are'not  nearly 
so  satisfactory.  As  skins  they  are  poor  and  thin,  and  you  will  notice,- 
in  one  of  them  especially,  that  two  holes  have  appeared.  This  shows 
that  the  skins  previous  to  curing  have  been  in  a  partially  putrid 
condition,  or  that  the  cure  was  not  sufficiently  strong  in  its  action  to 
preserve  them.  I  should,  however,  strongly  favour  the  former  view, 
as  if  skins  have  already  begun  to  putrefy  or  decompose,  one  cannot 
arrest  the  putrefactive  action  whatever  cure  is  used.  Speaking 
generally,  I  should  say  that  the  cure  is  very  effective  in  its  action, 
and  would  be  preferred  to  the  ordinary  process  of  salting  or  drying 
out.  It  does  not  appear  to  have  any  appreciable  action  on  the  pelt, 
either  in  the  way  of  stains  or  in  over-swelling  of  the  skin.  Messrs. 
Bevingtons  report  that  the  cure  appears  to  be  effective  and  good. 
They  had  no  difficulty  either  in  wetting  the  skins  or  in  the  liming 
processes." 

The  tanners  state  that  they  were  under  the  impression  that  the 
sheep-skins  were  not  cured  but  sun-dried,  and  that  the  two  marsupial 
skins  were  dried  in  the  shade,  but  Dr.  Parker  is  of  opinion  that  all 
the  skins  had  been  cured.  The  tanners  further  report  that  the  hair 
taken  from  the  marsupial  skins  was  not  of  any  value,  but  the  sheep- 
skins yielded  5  lb.  of  wool  worth  about  Qd.  to  9(7.  per  Ib.  With 
reference  to  the  commercial  value  of  the  cured  skins,  the  tanners 
report  that  the  sheep-skins  would  be  worth  from  20s.  to  25s.  per 
dozen,  cured,  supposing  the  samples  sent  to  be  representative.  The 
marsupial  skins  they  considered  to  be  very  inferior,  and  not  worth 
more  than  one-half  the  value  of  the  sheep-skins.  These  valuations, 
however,  are  only  provisional,  and  the  firm  state  that  bales  would 
have  to  be  sent  over  in  order  to  obtain  an  exact  valuation. 

Buffalo  hides. — In  order  to  determine  the  value  of  the  curing 
process  in  the  case  of  the  buffalo  hides,  they  were  sent  to  be  tanned 
by  one  of  the  largest  firms  in  the  North  of  England.  As  soon  as  the 
leather  had  been  returned,  our  tanning  expert  examined  it,  and  made 
the  following  report : — "  The  general  condition  of  the  leather  was  rather 
soft,  not  as  firm  as  would  be  generally  used  in  this  country.  The 
texture  of  the  hide  did  not  appear  to  be  close.  The  grain  of  the 
leather  was  damaged  in  many  parts,  partly  through  horn  marks  or 
scratches  caused  by  barbed-wire  fencing,  but  at  the  same  time  it 
appeared  to  have  a  weak  grain.  This  would  be  caused  by  the  hides 
not  having  been  properly  cured  previous  to  despatching  to  this 
country.  The  flaying  was  only  fair,  one  of  the  hides  being  badly  cut  on 
the  flanks  in  two  or  three  places.  The  shoulders  and  bellies  were 


TANNING    AND    DYEING    MATERIALS.  205 

distinctly  soft  and  more  suitable  for  dressing  leather  than  for  sole 
purposes.  The  shoulders  were  heavy,  and  the  hides  could  not  be 
termed  butty,  that  is  to  say,  too  much  of  the  leather  would  have  to  be 
cut  off  the  butt,  and  go  into  shoulder  and  belly.  This  would  depreciate 
their  value  considerably.  I  should  think,  taking  them  all  round,  they 
would  fetch  an  average  price  of  IQd.  per  lb.,  which  is,  I  consider,  a 
low  price.  I  should  say  that  there  would  be  a  market  for  them  in 
this  country,  especially  now,  when  there  appears  to  be  a  scarcity  of 
hides,  but  they  could  not  under  any  circumstances  rank  as  first-class. 
Their  chief  fault  lies  in  the  scratched  and  torn  condition  of  the  grain 
and  the  big  brands  on  the  sides.  They  are  well  tanned,  but  have 
produced  soft  leather,  due  to  the  texture  of  the  hides  being  somewhat 
soft  and  porou-. 

It  will  be  seen,  therefore,  that  the  commercial  reports  on  the  curing 
process  are,  on  the  whole,  satisfactory.  It  is  not  considered  desirable, 
however,  to  make  any  remarks  on  the  chemistry  of  the  process, 
although  several  questions  are  raised  by  Mr.  Mar's  report  on  the 
subject.  In  order  to  do  this  effectively  it  would  be  necessary  to  have 
more  information  as  to  the  details  of  the  process. 

In  conclusion,  it  may  be  added  that  the  Penketh  Tanning  Co.  Limited, 
of  Penketh,  near  Warrington,  Lancashire,  have  expressed  the  wish 
to  obtain  further  particulars  about  these  cured  skins  and  hides  with  a 
view  to  possible  commercial  transactions. 

July,  1898. 

Indian  Dye-Stuffs, 

The  dye-stuffs,  the  chemical  composition  and  tinctorial  properties  of 
which  are  described  in  this  section,  are  obtained  from  various  districts 
of  India  and  Burma.  The  majority  of  them  have  already  a  good 
reputation  among  native  dyers,  and  it  was  with  the  objects  of  investi- 
gating the  colouring  principles  they  contain  and  ascertaining  whether 
they  might  prove  useful  to  European  dyers,  and  of  improving  the 
native  methods  of  using  the  dye-stuffs,  that  the  present  series  of  investi- 
gations was  made,  at  the  instance  of  the  Scientific  Department  of  the 
Imperial  -Institute. 

The  chemical  examination  of  the  various  dye-stuffs  has  been  carried 
out  under  the  direction  of  Mr.  A.  G-.  Perkin,  in  the  Research  Laboratory 
founded  by  the  Clothworkers'  Company  of  London,  at  the  Yorkshire 
College,  Leeds,  and  the  results  have  been  communicated  to  the 
Chemical  Society  of  London  in  a  series  of  papers,  abstracts  of  which 
appear  among  the  Scientific  Papers  included  in  this  volume.  A  few  of 
the  dye-stuffs,  however,  have  been  examined  by  Drs.  Schunck  and 
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Marchlewski,  also  with  material  supplied  by  the  Imperial  Institute. 
The  tinctorial  examination  has  been  made  in  the  Laboratory  of  the 
Clothworkers'  Company,  under  the  direction  of  Professor  Hummel,  who 
is  one  of  the  referees  attached  to  the  Scientific  Department. 

As  far  as  the  practical  results  of  these  investigations  are  concerned 
the  dye-stuffs  may  be  divided  into  three  classes : — 

I.  Those   which  may   be   worthy    of    the   attention    of    European 
dyers ; 

II.  Those   which,  either   on   account   of   low  colouring   power,  or 
scarcity  and  consequent  high  price,  cannot  become  of  any  commercial 
importance  in  Europe,  but  which  will  be  useful  dye-stuffs  for  native 
dyeing; 

III.  Dye-stuffs  the  use  of  which  cannot  be  recommended. 


Class  I. 

Class  II. 

Class  III. 

Oldenlandia  umbellain 
(Chay  root). 
Sophora  japonica. 
Datisca  cannabina. 
Ycnt  ilago  madraspatana. 

Delphinium  Zalll. 
Myrica  Nagi. 
Morinda,  species  (Al-dye). 
Artocarpus  inteyr  (folia 
(Jak-fruit  tree). 
fiubia  species. 

Malfotus  phillipinensis 
(Kamala). 
Butea  frondosa. 
Toddalia  aculeata. 
Exodia  melicefolia. 

In  making  this  classification,  however,  it  must  be  understood  that 
the  value  in  Europe  of  dyes  of  Class  I.  is  rather  problematical,  since 
natural  dye-stuffs  are  not  of  such  great  importance  to  the  European 
dyer  as  they  were  before  the  introduction  of  the  coal-tar  dyes. 
Nevertheless  natural  dye-stuffs,  such  as  quercitron  bark,  fustic,  and 
others,  are  still  used,  and  the  supply  of  dye-stuffs  having  similar 
tinctorial  properties  might  be  attempted. 

It  may  also  be  useful  to  classify  these  dye-stuffs  according  to  the 
chemical  nature  of  the  constituents  to  which  their  colouring  power  is 
clue.  The  majority  of  them  belong  either  to  the  anthraquinone  group 
(alizarin  and  purpurin  dye-stuffs)  or  to  the  group  of  ketones,  xanthones 
or  phenylated  pheno-y-pyrones,  of  which  the  best  known  member  is 
"  quercetin,"  the  characteristic  colouring  matter  derived  from  quer- 
citron bark.  There  are  several,  however,  which  contain  definite 
crystalline  colouring  matters,  of  which  the  chemical  constitution  is  in 
some  cases  known,  and  in  others  unknown,  and  which  do  not  fall  into 
either  of  the  first  two  groups.  Lastly  there  remain  several  dye-stuffs, 
the  constituents  of  which,  owing  to  want  of  sufficient  material  for  the 
chemical  examination,  have  not  yet  been  isolated. 

The  four  classes  will,  therefore,  be — 
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(A)  Dye-stuffs  containing  derivatives  of  anthraquinone. 

(B)  .,  „  members  of  the  xanthone  or  quercetin 

group. 

(C)  „  „  other  definite  colouring  matters. 

(D)  „  „          unknown  constituents. 


Dve-stuff. 


Chief  Dyeing  Constituent 


OhlenlanJla 

(Chay-root.) 

Ventilago  madmspatana  . 
Eubia  species  . 
Morinda  species 


SopTiora  japon  fca 

ri    . 

Artocarpus  integrifolia 
Datisca  cannabina    . 

Delphinium  Zalil     . 
Gossypium  herbaceum 


Alizarin. 

Ventilagin. 

Purpurin. 

Morindin. 

(glucoside  yielding  morindone. ) 

Rut  in. 

(glucoside  yielding  quercetin.) 
Myricetin. 
('  Morin. 

\  Cyano-maclurin. 
Datiscin. 

(glucoside  yielding  datiscetin. ) 
Iso-rhamnetin  and  quercetin. 
Gossypetin. 


/Mallotus  phiUipinensii 

Rottlerin. 

Toddalia  aculeata    . 
{  Ecodia  mdiaefolia    . 

Berberine. 

D       Butea  frondosa 

— 

In  the  course  of  their  various  papers  communicated  "to  scientific 
societies,  Messrs.  Hummel  and  Perkin  have  also  made  various  recom- 
mendations as  to  the  methods  of  applying  these  dye-stuffs ;  these 
recommendations  will  be  found  in  the  paragraph  dealing  with  each 
dye-stuff,  where  they  will  be  more  readily  understood  than  if  grouped 
together.  It  may,  however,  l^e  mentioned  here,  that,  in  the  case  of 
dye-stuffs  containing  glucosides,  they  draw  attention  to  the  necessity  of 
hydrolysing  the  glucosides,  by  some  process  such  as  fermentation  or 
treatment  with  mineral  acids,  previous  to  dyeing  (unless  hydrolysis 
occurs  in  the  dyeing  process).  This  point  is  a  very  important  one, 
since,  if  neglected,  the  colouring  matter  does  not  exhibit  its  true  and 
full  colouring  power. 

Class  A.— Dye-stuffs  containing  Colouring  Matters  related  to 
Anthraquinone. 

Chay  Root  (Indian  Madder). — The  plant  yielding  this  dye-stuff  is 
Oldenlnndia  umbeUata.  It  grows  very  abundantly  in  various  parts  of 
India,  being  especially  common  in  Bengal,  although  it  is  not  used  for 
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dyeing  in  that  province  ;  it  is  also  cultivated  somewhat  extensively  in 
Madras. 

The  natives  consider  the  roots  of  the  wild  plant  best  for  dyeing 
purposes,  and  report  the  wild  roots  to  be  one-fourth  more  valuable  for 
dyeing  than  the  cultivated  roots  ;  they  also  prefer  to  collect  the  dye- 
stuff  at  the  end  of  the  second  year's  growth.  It  is  sold  in  Madras  at 
4£d  per  Ib.  In  dyeing  with  chay  root  the  Hindoos  use  an  aqueous 
solution  of  the  colouring  matter,  obtained  by  macerating  the  root  in 
water.  In  this  solution  they  steep  the  fabric  several  times,  and  then 
boil  it  for  two  hours  in  a  second  similar  bath,  finally  washing  with 
clean  water  and  drying.  Several  unsuccessful  attempts  have  been 
made  to  introduce  this  dye-stuff  into  European  dye-houses.  These 
failures  are  probably  due  to  the  deterioration  in  the  root  which  occurs 
when  it  is  stored  in  damp  places,  such  as  the  hold  of  a  ship. 

The  tinctorial  properties  of  the  root  were  examined  in  1832  by 
Messrs.  Schwartz  and  Koechlin,  and  they  reported  it  to  be  very  similar 
in  general  dyeing  properties  to  madder,  the  colours  given  by  chay  root 
being  quite  as  brilliant ;  but  the  colouring  power  was  only  about  one- 
fourth  of  that  of  madder,  and  they  suggested  that  possibly  greater 
care  in  cultivation  might  give  a  more  valuable  root. 

Messrs.  Perkin  and  Hummel,  in  their  investigation  of  chay  root, 
have  isolated  from  it  thirteen  different  substances,  but  several  of  these 
are  present  in  very  small  quantity,  and  the  only  one  which  is  important 
in  dyeing  is  alizarin.  Unlike  madder,  the  root  contains  no  purpurin, 
so  that  the  shades  obtained  are  very  like  those  obtained  in  dyeing  with 
artificial  alizarin. 

On  oil-prepared  calico  mordanted  with  alumina,  chay  root  gives  an 
excellent  blue  shade  of  turkey  red,  withstanding  the  operations  of 
clearing  with  soap  and  stannous  chloride  even  better  than  madder,  and 
quite  equal  to  that  obtained  with  artificial  alizarin  ;  good  brown,  red, 
orange,  and  purple  hues  are  also  readily  obtained  on  wool  and  silk 
mordanted  respectively  with  chromium,  aluminium,  tin,  and  iron. 
When  the  root  is  boiled  with  dilute  sulphuric  acid,  it  yields  a  garancine 
of  a  very  dark  green  colour,  having  about  three  times  the  dyeing  power 
of  the  original  root.  Dyeing  experiments  show  that  the  root  contains 
0'33-0'35  per  cent,  of  alizarin. 

Chay  root,  however,  contains  some  acid  substances  which  tend  to 
dissolve  off  the  mordants,  but  this  tendency  is  corrected  by  the  addition 
of  2  per  cent,  of  chalk  to  the  dye-bath,  the  temperature  of  the  bath 
being  gradually  raised  to  boiling  during  the  dyeing  process. 

Its  dyeing  power,  compared  to  madder,  is  about  half  when  compared 
before  soaping,  but  after  soaping  it  is  equal  to  it.  The  reds,  pinks,  and 
chocolates  are  of  a  bluer  shade  than  those  of  madder,  but  the  lilacs  are 
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much  purer  aiid  brighter  and  very  similar  to  those  given  by  alizarin. 
In  regard  to  this  point  Messrs.  Hummel  and  Perkiu  say : — "  It 
seems  strange  to  us  that  this  peculiar  suitability  for  the  production  of 
lilacs  .should  have  escaped  the  observation  of  previous  experimenters, 
and  this  feature  alone  should  have  secured  for  it  a  ready  market, 
previous  to  the  introduction  of  artificial  alizarin,  among  European 
dyers." 

Morinda  species  (Al-dye). — There  are  found  in  India  seven  different 
species  of  M<>r>uda,  the  three  commonest  being  citrifol.ia,  umbellate,  and 
tuirf<y,-),t.  Messrs.  Hummel  and  Perkin  have  investigated  the  first  two 
of  these. 

MORIXDA  cmuFOLiA  occurs  very  commonly  in  India.  It  is  cultivated 
in  Bengal,  Orissa,  and  Burma,  and  is  often  allowed  to  grow  as  a  weed 
near  the  homesteads  of  native  weavers,  who  make  use  of  it  in  dyeing 
their  manufactured  fabrics. 

The  roots  of  the  various  species  of  morinda  take  a  very  prominent 
place  among  the  red  dyes  of  India,  and  are  said  to  be  gradually 
supplanting  the  more  expensive  chay  root. 

The  Hindoos  obtain  from  it  colours  varying  from  reddish-yellow, 
through  pink  and  various  shades  of  red,  to  dark  brown. 

The  mordants  generally  used  are  myrobalans  (tannic  acid)  and  alum. 

Dyeing  experiments  with  morinda  roots  were  first  made  by  Bancroft 
in  1790,  and  this  investigator  found  it  to  behave  very  similarly  to 
madder. 

In  IS. '32  Schwartz  and  Koechlin  examined  the  root  and  reported  on 
it  to  the  Industrial  Society  of  Mulhouse.  They  found  it  to  contain  an 
acid  yellow  substance,  which  made  it  necessary  to  wash  the  root  before 
dyeing  with  it,  and  to  add  sodium  carbonate  to  the  dye-bath.  In 
;he  root  was  tried  by  some  Glasgow  dyers  and  reported  by  them 
to  ba  destitute  of  dyeing  power. 

These  conflicting  statements  were  explained  when  Anderson  isolated 
from  the  root  the  glucoside  niorindiii.  which  dues  not  dye  fabrics 
mordanted  with  iron  and  alumina,  but  which  yields  on  hydrolysis  the 
colouring  matter  worindone,  to  which  the  dyeing  properties  of  the 
root  are  due. 

Sir  Thomas  Wardle,  in  his  valuable  Report  on  the  Dyes  nn-l  Tm>*  "j 
India  (Calcutta,  1887),  records  experiments  with  four  species  of 
morinda.  Using  "  citrifolia "  he  could  not  obtain  the  reds  of  the 
Hindoos,  but  only  yellow  and  orange  colours,  derived,  no  doubt,  from 
the  undecomposed  glucoside,  morindi/i,  and  the  secondary  yellow 
colouring  constituents  present,  which  are  not  mordant-dyeing  colouring 
matters. 

"VN  ith  three  other  species,  viz.  J/.   aiigust>f'jl>.a.  J/.  t>i>-:l'jrlti.  and  an 
I.  P 
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undetermined  species,  Wardle  obtained  in  the  first  and  third  cases 
colours  similar  to  those  of  J/.  citrifolia,  but,  with  the  second,  reddish 
yellows,  brownish  reds  and  dull  reds  on  silk  and  cotton. 

Messrs.  Perkin  and  Hummel  find  that  the  root  of  Morinda  citrifolia 
does  not  dye  in  its  original  condition,  and  that  either  the  glucoside 
must  first  be  hydrolysed,  or  that  certain  acid  substances  which  prevent 
the  dyeing  must  be  removed  by  washing.  The  former  can  be  effected 
by  boiling  with  acids  or  alkalis,  or  by  fermentation ;  the  second 
method  is  by  far  the  best,  and  consists  in  merely  washing  the  powdered 
root  three  times  with  water,  with  which  it  is  allowed  to  stand  in  contact 
each  time  for  about  two  hours.  The  last  steeping  may  be  prolonged 
with  advantage  to  about  20  hours. 

After  this  simple  washing  process,  the  dyeing  with  morinda  root  is 
practically  the  same  as  that  in  vogue  with  madder.  The  dye-bath  is 
charged  with  the  washed  root  and  1  -5  per  cent,  of  its  weight  of  sodium 
carbonate,  or  1  per  cent,  of  chalk,  the  temperature  being  gradually 
raised  to  the  boiling  point,  and  the  colours  cleared  with  boiling  soap- 
solution. 

The  reds  and  pinks  with  alumina  mordant  are  yellower  than  the 
corresponding  madder  colours,  and  the  lilac  is  distinctly  redder.  On 
oil-pi'epared  calico  (turkey  red  process)  al-dye  gives  a  very  bright 
orange-red  or  scarlet,  fast  to  soap  and  stannous  chloride ;  chromium 
mordant  gives  a  full  rich  chocolate  ;  while  iron  mordant  yields  colours 
varying  from  dull  purple  to  black,  according  to  the  intensity  of  the 
mordant. 

On  wool  and  silk,  mordanted  with  chromium,  aluminium,  etc., 
colours  are  obtained  with  the  washed  root,  which  are  fast  to  light,  and 
in  this  respect  very  similar  to  the  corresponding  alizarin  colours. 
With  unwashed  root,  and  employing  unmordanted  wool  and  silk,  more 
or  less  rich  yellow  and  orange  colours  are  obtained,  by  dyeing  with 
addition  of  a  little  acetic  acid  to  the  bath.  These  colours  are,  no  doubt, 
similar  to  those  obtained  by  Sir  Thomas  Wardle  in  the  experiments 
already  alluded  to. 

MORIXDA  UMBELLATA  (Many-koudii). — Until  the  present  investigation 
the  root-bark  of  this  species  of  morinda  does  not  seem  to  have  been 
carefully  examined,  either  chemically  or  tinctorially.  Gonfreville  made 
a  few  experiments  with  it,  and  considered  it  a  very  valuable  dye-stuff, 
and  he  mentions  that  it  was  much  used  in  Java.  In  Watt's  Dictionary 
of  Economic  Products  the  root  is  spoken  of  as  yielding  a  brilliant 
yellow  dye. 

Messrs.  Perkin  and  Hummel  find  that  this  species  of  morinda 
contains  a  large  number  of  substances,  of  which  the  most  important  is 
the  glucoside  morindin. 
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As  in  the  case  of  Morinda  citrifolia,  Hummel  and  Perkin  find  that 
the  ground  dye-stuff  must  first  be  washed,  to  remove  injurious  acid 
constituents,  before  it  becomes  useful  to  the  dyer.  This  is  effected,  as 
before,  by  maceration  in  ten  times  its  weight  of  water  for  a  few  hours, 
the  treatment  being  repeated  two  or  three  times.  By  this  preliminary 
treatment  its  full  dyeing  power  is  unmasked,  and  brighter  and  more 
permanent  colours  are  obtained. 

The  method  of  employing  the  washed  dye-stuff  is  the  same  as  with 
madder,  with  the  exception  that  it  is  necessary  to  add  from  1  to  li 
per  cent,  of  chalk  or  sodium  carbonate  to  the  dye-bath  in  order  to 
obtain  fuller  colours. 

The  colours  obtained  with  this  dye-stuff  are  in  all  respects  similar  to 
those  obtained  with  Morind".  i*it.rifolia.  with  the  exception  that  the 
colours  are,  in  this  case,  fuller  and  darker,  owing  to  the  richness  of  the 
root-bark  of  Mnrinda  umb^lata  in  colouring  matter,  as  compared  with 
the  whole  root  of  Jtlorinda  cifr>j' 

M"—r-.  Hummel  and  Perkin  consider  this  a  very  valuable  dye-stuff 
for  India,  comparing  very  well  with  madder.  The  colours  are  very  fast 
to  light. 

Rubia  cordifolia.  and  other  species  (Manjit  root). — The  best 
known  dye-stuff  of  the  genus  Rubia  is  Rubia  cordifolia,  which  is  a 
popular  red  dye  with  native  dyers.  The  root  contains  purpurin  and 
purpurox'inthin  carboxyl'v:  <i>:id  (mu/ijistin).  These  two  substances, 
s.  Perkin  and  Hummel  find,  are  also  present  in  Rubia  sikkiruemis, 
a  species  used  by  the  hill  tribes  in  the  Manipur  district  as  a  red  dye 
for  cotton  fabrics.  The  characteristic  colouring  substance  is  purpurin  ; 
the  other  constituent  does  not  dye  mordanted  fabrics.  Messrs.  Hummel 
and  Perkin  find  that  calico,  printed  with  iron  and  alumina  mordants, 
may  be  dyed  with  Rubia  <:nrdif"lia  with  the  greatest  ease,  without 
addition  of  chalk.  Generally  speaking,  the  colours  obtained  are  similar 
to  those  given  by  mtidder,  using  the  same  mordants,  but  the  reds  and 
chocolates  are  much  bluer,  while  the  lilacs  are  greyer.  The  colours 
given  by  Rubia  sikkimensis  are  very  similar  to  those  given  by  Rubia 
''>lia,  but  the  root  of  the  latter  plant  possesses  one-half  more 
dyeing  power.  The  colours  do  not  bear  the  action  of  boiling  soap 
solution  so  well  as  madder  colours.  The  dyeing  power  of  the  root 
seems  to  be  equivalent  to  from  -37  to  -5  per  cent,  of  purpurin. 

Along  with  the  specimen  of  R-«b'm  sikk'  Messrs.  Perkin  and 

Hummel  received  a  small  specimen  of  roots  of  Rubia  khasia  ;  this  was 
too  small  for  an  extended  examination  to  be  made  of  the  chemistry  of 
the  dye-stuff;,  but  its  tinctorial  properties  were  found  to  be  very 
similar  to,  but  stronger  than,  those  of  the  two  Rubias  previously 
referred  to. 
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Ventilago  madraspatana. — The  root -bark  of  this  plant  is  used 
very  largely  in  some  districts  of  India  as  a  red  dye.  It  is  said  to  be 
collected  annually  to  the  extent  of  about  three  tons,  the  usual  price 
being  from  4ic?.  to  7|c?.  per  Ib.  Gonfreville  refers  to  it  as  being 
employed  in  India  and  Java  for  dyeing  silk,  wool,  and  cotton  fabrics, 
violet,  brownish-red,  or  black,  and  all  these  colours  are  said  to 
be  fast. 

Sir  Thomas  Wardle  remarks  in  his  Report,  that  "  the  substance 
would  be  a  very  valuable  tinctorial  matter  if  it  could  be  exported  in 
quantity  at  the  price  mentioned  above,  and  that  it  would  probably 
supersede  madder  and  cochineal  for  many  purposes."  Messrs.  Perkin 
and  Hummel  have  obtained  from  the  root-bark  of  the  plant  five 
different  crystalline  substances  which  arc  all  anthraquinone  derivatives, 
and  a  resinous  substance.  This  last  substance  they  have  named 
"  ventilagin,"  and,  although  owing  to  its  resinous  character  it  is  a  rather 
intractable  body  for  chemical  investigation,  they  have  obtained  some 
evidence  that  it  is  an  anthraquinone  derivative,  and  also  that  it 
bears  a  very  close  resemblance  to  "  alkannin,"  the  resinous  constituent 
of  the  red  dye-stuff  "  alkanet  "  root.  For  this  reason  the  description  of 
Ventilago  is  included  in  Class  A.  The  dyeing  properties  of  the  root- 
bark  were  examined  by  Wardle  in  1887  ;  he  found  the  dye-stuff  to  be 
exceedingly  rich  in  a  beautiful  chocolate-red  colouring  matter,  which 
was  soluble  in  water.  On  wool  it  gave  purplish,  brownish,  and  chocolate 
reds,  and  similar  colours  on  silk.  With  the  addition  of  galls  the 
colours  are  similar,  but  less  brilliant,  except  on  iron-mordanted  fabrics, 
where  the  new  colour  is  slaty  black.  Wardle  remarks  that  "  the  dye 
is  well  adapted  for  tussur  silk,  excellent  results  being  obtainable  with- 
out the  need  of  expensive  processes  for  bleaching  before  application  of 
the  dye." 

Sir  Thomas  Wardle's  results  are  amply  confirmed  by  Messrs.  Hum- 
mel and  Perkin;  thus,  with  stripe-printed  calico  mordanted  with 
alumina,  they  obtain  a  claret-red  rather  bluer  in  tint  than  that  given 
by  Lima-wood,  and  not  unlike  that  given  by  the  artificial  colouring 
matter  known  as  alizarin-bordeaux ;  with  iron  mordant  a  greyish-lilac 
(almost  black  if  the  colour  be  strong)  is  produced — this  colour  is  also 
similar  to  that  given  by  Lima-wood.  The  dyes  are  moderately  fast  to 
soap,  but  not  so  good  in  this  respect  as  alizarin  colours ;  in  this  par- 
ticular they  seem  to  be  like  the  colours  given  by  camwood.  Compara- 
tive dyeing  experiments  seem  to  show  that  the  root-bark  of  Ventilwjo 
contains  from  8  to  10  per  cent,  of  colouring  matter,  but,  owing  to 
certain  difficulties  found  in  dyeing  with  ventilagin,  this  point  is  not 
certain. 

On  oil-prepared  calico,  Ventilago  gives  with  alumina  mordant  a  rich 
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claret-brown  :  with  chromium  mordant,  a  deeper  purplish-brown  or 
very  black  pui'ple  :  and  with  iron  mordant,  a  purplish-black. 

On  chromium-mordanted  wool  a  purplish-brown  is  obtained  :  with 
alumina  a  bordeaux-red,  with  tin  a  bright  red  similar  to  alizarin  red ; 
and  with  iron  mordant  a  dark  full  purple.  On  silk  similar  colours  are 
obtained. 

There  is  no  difficulty  in  dyeing  with  YentUago  ;  the  ordinary  methods 
of  mordanting  suffice  and  no  additions  to  the  dye-bath  are  necessary, 
except  in  the  case  of  wool,  when  it  is  necessary  to  add  calcium  acetate 
in  order  to  correct  the  acidity  of  the  mordanted  fibre.  Dyeing  does 
not  commence  until  the  dye-bath  reaches  a  temperature  of  from  70'  to 
80°  C.  The  fastness  of  the  colours  to  light,  according  to  Hummel  and 
Perkin's  exposure  experiments,  is  not  very  great,  being  about  the  same 
as  those  derived  from  Lima- wood.  Messrs.  Hummel  and  Perkin 
conclude  by  saying  that  the  strong  colouring  power  of  Ventilago,  the 
ease  with  which  it  dyes  mordanted  fabrics,  and  its  very  low  price,  make 
it  one  of  the  really  useful  Indian  dye-stuffs. 


Class  B.— Dye-stuffs  containing  members  of  the  Xanthone  or 
Quereetin  Series. 

Sophora  japonica. — The  genus  Sophora  is  represented  in  India  by 
two  species  8.  alopecuroidcs  and  S'.  molli.*,  which  are  said  to  have  no 
tinctorial  properties. 

ora  japfiit  >.c>i.  is  a  tree  which  grows  abundantly  in  China,  and, 
according  to  Dr.  Watt  (Dictionary  of  Economic  Products  of  India], 
could  probably  be  cultivated  in  India.  Since  Messrs.  Hummel  and 
Perkin  report  it  to  be  a  valuable  yellow  dye-stuff,  it  might  l>e  worth 
while  to  introduce  it  into  India,  and  therefore  an  account  of  it  is 
included  in  this  article.  The  most  recent  chemical  examination  of  this 
~uff  was  made  by  Dr.  Schunck,  who  finds  that  the  glucoside 
topkorin,  which  had  previously  been  regarded  as  the  peculiar  con- 
stituent of  this  plant,  is  identical  with  -rutin,  the  glucoside  contained 
in  the  common  rue  (Ruta  yraw>l*i>.«).  Rnt\n,  like  f/>>~  r^itrln.  is  a 
glucose-ether  of  qii.*i'c*fii>,  yielding  on  hydrolysis  q>i'  r^-tin  and  isodnl- 
cife.  The  tinctorial  properties  were  examined  by  Messrs.  Mercer  and 
Crum  in  1853,  and  these  authors  state  that  it  gives  very  pure  colours 
similar  to  those  given  by  Persian  berries. 

This  statement  is  confirmed  by  Messrs.  Hummel  and  Perkin  with 
regard  to  cotton  dyeing,  but  they  find  that  the  colours  on  wool  are 
more  like  those  of  quercitron  bark,  viz.  a  dull  orange,  with  chromium 
mordant ;  a  yellow  of  moderate  brilliancy,  with  alumina ;  a  bright 
yellow,  with  tin  :  and  a  dark  olive,  with  iron ;  but  in  no  case  are  the 
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colours  quite  identical.  In  dyeing  power  it  is  as  good  as,  if  not  slightly 
superior  to,  quercitron  bark. 

Delphinium  Zalil  (Asbarg). — This  plant  grows  commonly  in  Afghan- 
istan, and  from  that  country  it  is  largely  imported  into  India  for 
native  use.  The  flowers  and  flowering  stem  are  the  parts  of  the  plant 
collected.  It  is  used  in  India  for  calico-printing,  but  chiefly  for  silk 
dyeing  (along  with  datisca  root,  which  will  be  described  later)  for  the 
production  of  a  bright  yellow.  The  price  in  India  is  about  27  rupees 
per  cwt. 

Messrs.  Perkin  and  Pilgrim  find  that  the  plant  contains  a  crystalline 
yellow  colouring  matter  to  which  they  have  given  the  name  isorham- 
netin,  since  it  is  isomeric  with  rhamnetin,  the  naturally  occurring 
quercetin  methyl  ether.  In  addition  to  this  body  the  plant  also  contains 
quercetin  itself. 

As  a  dye  it  behaves  very  much  like  the  flower-buds  of  Sophora 
japonica,  but  has  less  colouring  power ;  thus,  compared  with  a  standard 
dye-stuff  like  quercitron  bark,  5  grams  of  delphinium  are  only  equal 
to  1*75  grams  of  quercitron,  although  the  former  gives  a  much  purer 
yellow. 

Messrs.  Hummel  and  Perkin  remark  "  that  although  a  good  dye  for 
native  use,  the  comparatively  low  colouring  power  of  delphinium  quite 
precludes  its  employment  in  Europe." 

Myrica  Nagi. — This  is  a  tree  found  in  the  sub-tropical  Himalayas, 
in  the  Khasia  mountains,  the  Malay  Islands,  China,  and  Japan,  so 
that  it  has  a  fairly  wide*  distribution.  The  same  tree  has  been 
known  at  various  times  as  Myrica  integrifolia,  Myrica  sapida,  and 
Jf>/rica  rtibra. 

The  bark  of  the  tree  has  been  employed  as  a  tanning  material,  and 
is  at  present  used  in  native  medicine,  but  it  seems  to  be  almost 
unknown  as  a  dye-stuff,  except  in  the  Simla  district. 

Messrs.  Perkin  and  Hummel  have  obtained  from  the  bark  a  new 
colouring  matter  which  they  call  myricetin,  which  they  have  shown 
to  be  closely  related  to  quercetin. 

The  tinctorial  properties  of  the  bark  seem  to  vary  somewhat.  This 
variation  may  be  due  to  difference  in  age,  or  to  the  specimens  being 
derived  from  different  species  of  Myrica.  Messrs.  Hummel  and  Perkin 
examined  two  specimens  of  bark.  They  found  that  the  first  small 
specimen  sent  to  them  gave  on  striped  calico  mordanted  with  alumina, 
a  yellow,  stronger  but  rather  duller  in  tint  than  quercitron  bark ;  and 
on  calico  mordanted  with  iron  it  did  not  produce  a  dark  greenish- 
olive  tint,  indicating  the  absence  of  tannin.  On  the  other  hand,  the 
second  larger  supply  of  bark  gave,  on  striped  calico  with  alumina,  a 
dull  yellow  with  a  pink  tint,  and  with  iron  mordant  on  the  same 
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material  a  purplish-green,  as  if  tannin  were  present.  In  the  same  way 
wool  mordanted  with  chromium,  aluminium,  and  tin  salts,  and  dyed 
with  40  per  cent,  solution  of  the  two  dye-stuffs,  gave,  with  the  first- 
mentioned  specimen,  deep  olive  yellow,  dull  yellow,  and  bright  red- 
orange  respectively ;  while  with  the  second  specimen  of  bark,  greenish- 
olive,  olive  yellow,  and  yellow  colours  were  respectively  produced. 
The  colours  thus  produced  with  the  first  specimen  are  similar  to  those 
given  by  quercitron  bark  and  Persian  berries.  In  the  event  of  Jlyrica 
Nagi  bark  being  obtainable  of  as  good  quality  as  the  first  specimen, 
Messrs.  Hummel  and  Perkin  recommend  it  to  the  notice  of  Indian 
dyers  as  a  very  useful  dye-stuff. 

Artocarpus  integrifolia  (Jak-fruit  Tree). — The  wood  of  this  tree 
is  used  in  Burma  by  the  natives  for  dyeing  the  robes  of  the  priests  a 
bright  yellow.  It  is  commonly  cultivated  throughout  India  and  Burma. 
In  different  parts  of  the  country  the  fruit,  bark,  and  rasped  wood  are 
used. 

Messrs.  Perkin  and  Cope  have  obtained  from  the  plant  two  substances, 
mo rin  and  cyano-madurin.  The  former  of  these  had  already  been 
found  in  "old  fustic''  (Morns  tinctoria),  which  also  yields  a  substance, 
madurin,  which  bears  considerable  resemblance  to  cyano-madurin — 
hence  the  name  of  the  latter.  This  similarity  in  the  chemistry  of  the 
two  dye-stuffs  leads  to  a  similarity  in  dyeing  properties,  and  it  is  useful 
to  compare  the  two  in  this  respect. 

Sir  Thomas  Wardle,  in  his  Report,  remarks  that  jakwood  produces, 
by  application  in  various  ways,  some  good  and  rather  artistic  shades  of 
brownish-yellow  on  tussur  and  mulberry  silks,  but  is  not  well  adapted 
for  wool,  and  he  recommends  it  as  a  useful  colouring  substance  for 
modifying  the  tones  of  other  colours  in  a  yellow  direction. 

Messrs.  Hummel  and  Perkin  find  that  on  mordanted  wool  jakwood 
gives  with  chromium  mordant  olive  yellow,  with  tin  mordant  bright 
yellow,  and  with  alumina  mordant  dull  yellow.  In  all  these  cases  the 
colours  are  like  those  given  by  old  fustic,  but  comparative  dyeing 
experiments  show  that  jakwood  has  only  about  one-third  the  colouring 
power  of  the  latter.  It  cannot,  therefore,  be  recommended  as  an 
addition  to  the  present  list  of  similar  yellow  dye-stuffs  in  use  in 
European  dye-houses. 

Datisca  cannabina. — This  plant  is  found  in  the  Western  Himalayas, 
but  is  not  abundant.  The  root  is  used  in  that  district  as  a  yellow 
dye. 

In  the  Bashahr  district  from  two  to  three  hundred  maunds  (maund 
=  801b.)are  gathered  annuallv.  The  price  is  about  fourteen  rupees 
per  ma  and.  The  dye-stuff  wa-  examined  by  Stenhouse,  and  more 
recently  by  Schunck  and  Marchlewski  :  the  latter  authors  find  that  it 
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contains  the  glucoside  datiscin,  which  on  hydrolysis  gives  rhamnose  and 
the  yellow  colouring  matter  datiwMin. 

A  few  dyeing  experiments  with  datisca  root  were  made  by  Sir  Thomas 
Wardle  using  various  processes,  which  unfortunately,  as  is  the  case 
with  all  the  dyeing  experiments  recorded  by  him  in  his  Report  on  thr 
Dyes  and  Tans  of  India,  are  not  described  in  detail.  He  obtained 
yellow,  yellow-drab,  brownish-yellow,  and  slate  colour's  on  silk  and 
wool. 

Messrs.  Hummel  and  Perkin  find  that  datisca  root  dyes  very  much 
like  "  old  fustic,"  but  is  slightly  inferior  in  dyeing  power,  4  grams  of 
the  root  being  equivalent  to  3'5  grams  of  "old  fustic." 

On  cotton,  datisca  root  dyes  like  quercitron  bark.  Thus  the  olives 
on  iron  mordant  are  darker  and  bluer  in  shade  than  of  old  fustic 
colours,  as  though  some  tannin  were  present.  The  colouring  power  is 
the  same  as  that  of  quercitron  bark,  but  gives  brighter  yellows  with 
alumina  mordant,  using  equal  weights  of  the  dye-stuffs. 

Applied  to  wool  it  gives  with  chromium  mordant  an  olive  yellow, 
which  has  not  the  reddish  hue  of  wool  dyed  with  quercitron,  and  on 
tin-mordanted  wool  the  colour  is  bright  yellow,  not  orange  as  with 
quercitron.  They  regard  datisca  root  as  an  excellent  dye,  comparable 
with  the  yellow  mordant  dye-stuffs  at  present  in  use. 

Gossypium  herbaceum  (Cotton  Flowers). — This  is  one  of  the  varieties 
of  Gossypium  yielding  cotton,  and  the  flowers  are  said  to  be  used  in  the 
Manipur  district  as  a  yellow  dye.  On  chemical  examination  they  were 
found  to  contain  a  glucoside  which  on  treatment  with  acids  formed  a 
yellow  colouring  matter — gossypetin — and  a  sugar.  The  dyeing 
properties  of  the  flowers  have  been  examined  with  the  following 
results.  On  fabrics  mordanted  with  alumina  a  dull  yellow  colour  is 
produced;  when  tin  mordant  is  employed  an  orange-brown  colour 
results,  and  with  iron  a  dull  olive. 

Dye-stuffs  belonging  to  Class  C. 

Mallotus  phillipinensis  (Kamala). — This  substance  consists  of  the 
glands  and  hairs  from  the  fruits  of  the  plant.  It  was  formerly  much 
used  in  European  medicine  as  a  tenifuge,  and  this  still  constitutes  its 
only  use  in  this  country.  It  is  used  in  India  both  in  medicine  and  in 
dyeing,  in  the  latter  case  chiefly  as  an  orange  dye  for  silk.  Commercial 
kamala  is  rarely  pure,  the  usual  adulterant  being  brick-dust,  which  has 
been  found  present  to  the  extent  of  60  per  cent.  (Pharmacoyraphia, 
Fliickiger  and  Hanbury).  Another  but  less  common  adulterant  is  the 
substance  "warras"or  "  wurrus,"  which  somewhat  closely  resembles 
kamala,  but  is  the  product  of  a  species  of  Flemingia  (Leguminoscr). 

Kamala  was  examined .  by  Mr.  A.  G.  Perkin,  who  obtained  from  it 


TANNING    AND   DYEING   MATERIALS.  217 

several  crystalline  substances,  viz.  rottlerin,  homo-rottlerin,  and  iso- 
rottlerin,  and,  in  addition  to  these  substances,  two  resins  and  a  wax. 

The  substance  rottlerin  was  first  obtained  by  Anderson  in  1855,  and 
is  the  most  important  constituent  in  dyeing  with  kamala,  although 
homo-rottlerin  also  dyes  to  a  slight  extent. 

In  dyeing  with  kamala,  the  Hindoos  boil  the  fabric  in  water 
containing  kamala,  sodium  carbonate  and  alum  :  the  last  ingredient, 
however,  is  frequently  omitted. 

In  his  Report  on  the  Dyes  and  Tans  of  India,  Sir  Thomas  TVardle 
mentions  that  he  obtained  with  kamala  on  wool  a  reddish-yellow  colour, 
in  combination  with  indigo  a  deep  green,  and  on  unbleached  tussur  a 
light  reddish-yellow. 

Messrs.  Hummel  and  Perkin  find  that  using  a  dye-bath  without 
addition  of  sodium  carbonate,  a  very  feeble  yellow  was  obtained  on  silk, 
but  on  addition  of  sodium  carbonate  a  full  bright  orange  is  readily 
obtained  if  the  operation  be  not  prolonged ;  long  boiling  destroys  the 
rottlerin. 

The  best  results  were  obtained  by  adding  to  boiling  water  one  part 
of  kamala,  and  half  to  one  part  of  sodium  carbonate,  then  introducing 
the  fabric  and  dyeing  at  the  boiling  point  for  from  two  to  five  minutes. 
The  bath,  of  course,  is  not  exhausted  by  such  a  rapid  dyeing  process. 
Other  experiments  showed  that  the  proportion  of  sodium  carbonate 
should  l>e  from  thirteen  to  fourteen  grains  per  litre  of  water.  After 
dyeing  for  a  short  time  with  alkali  only,  the  addition  of  alum  or 
stannous  chloride  to  the  dye-bath  makes  the  colour  a  deeper  and  fuller 
orange. 

In  none  of  their  dyeing  experiments  were  Hummel  and  Perkin  able 
to  obtain  the  red-orange  shades  of  native  kamala-dyed  silk ;  these, 
they  think,  are  produced  by  addition  of  other  dyes,  since  when  spotted 
with  strong  sulphuric  acid  they  give  a  different  coloration  to  that 
given  by  fabrics  dyed  with  kamala  alone. 

The  authors  remark  that  the  colours  given  by  kamala  on  silk  are 
fugitive  to  light,  and  since  there  are  many  artificial  orange  and  yellow 
dyes  now  in  use  which  are  as  easy  of  application  and  give  much  faster 
colours,  it  is  out  of  the  question  that  kamala  can  Ijecome  a  dye-stuff  of 
any  value  in  European  commerce. 

Toddalia  aculeata  and  Evodia  meliaefolia. — These  'two  members 
of  Class  C  may  best  be  considered  together,  since  they  both  contain  the 
same  colouring  matter,  and  both  dye  in  precisely  the  same  manner. 
Toddalia  acitf?ata  grows  plentifully  in  the  sub-tropical  Himalayas,  the 
Khasia  mountains,  and  in  the  Western  Peninsula  and  Ceylon.  The 
wood  of  the  tree  is  used  as  a  dye-stuff  in  Madras,  and  is  also  used  in 
medicine  as  a  tonic  and  stimulant.  Evodia  melivfolia  grows  in  China 
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and  Japan,  and  is  said  to  be  imported  into  India  for  native  dyeing.  It 
is  the  plant  formerly  known  as  Pterocarpus  flavus  (Pharm.  Journ., 
[3]  18,  p.  785). 

Messrs.  Perkin  and  Hummel  find  that  both  these  plants  contain  the 
well-known  yellow  alkaloid  berberine.  The  presence  of  this  alkaloid 
has  been  asserted  before,  but  this  is  the  first  time  definite  proof  of  its 
existence  has  been  given.  Erodia  melicefoHa  yields  the  alkaloid  to  the 
extent  of  about  3  per  cent. 

The  dyeing  properties  of  the  two  plants  are  exactly  similar  to  those 
of  berberine  hydrochloride. 

The  dye-stuffs  are  best  adapted  for  dyeing  silk.  In  carrying  out  this 
operation,  the  Chinese  macerate  the  evodia  bark  in  water  for  two  or 
three  days,  and  dye  in  the  cold  without  mordants. 

Messrs.  Hummel  and  Perkin  find  that  on  unmordanted  wool  and 
silk,  bright  yellow  colours  are  readily  obtained  by  boiling  the  fabrics 
for  thirty  minutes  in  an  aqueous  decoction  of  the  plant.  Addition  of 
1  per  cent,  sodium  carbonate  increases  the  intensity,  but  impairs  the 
brilliancy,  of  the  colours  ;  larger  additions  of  sodium  carbonate  increase 
these  effects.  The  colours  obtained  are  fugitive  to  light,  and  of  no 
value  in  European  dyeing. 

Dye  belonging  to  Class  D. 

Butea  frondosa. — This  plant  occurs  throughout  India  and  Burma. 
The  flower-buds  are  used  by  the  natives  as  a  yellow  dye.  The  native 
dyeing  process  consists  in  merely  boiling  the  fabric  in  a  decoction  of 
the  buds,  or  in  maceration  of  the  fabric  in  such  a  decoction.  The  cloth 
is  usually  mordanted  with  alum,  but  occasionally  is  not  specially 
prepared.  The  colours  obtained  are  rather  fugitive,  but  they  may  be 
rendered  more  permanent  by  addition  of  alkalis. 

This  dye-stuff  is  at  present  under  examination  by  Messrs.  Perkin 
and  Hummel,  but  the  work  is  not  yet  sufficiently  advanced  for  complete 
publication.  They  find,  however,  that  the  flower-buds  contain  a  gluco- 
side,  which,  on  hydrolysis,  gives  a  substance  crystallising  in  colourless 
needles,  and  seems  in  some  of  its  reactions  to  resemble  fisetin,  the 
yellow  colouring  matter  of  "young  fustic,"  but  in  others  it  has  very 
distinct  properties  peculiar  to  itself. 

The  dyeing  properties  of  Butea  flowers,  Messrs.  Hummel  and  Perkin 
find,  differ  somewhat  from  those  of  other  yellow  colouring  matters,  owing 
to  the  stability  of  the  glucoside,  which  does  not  readily  hydrolyse  during 
the  dyeing  operations  ;  hence  the  flowers  will  not  dye  mordanted  cotton, 
and  even  in  wool-dyeing,  where  aeid  baths  are  used,  only  weak  colours 
are  produced.  To  get  the  full  colouring  power  of  the  buds,  they  must 
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be  boiled  with  dilute  sulphuric  acid,  and  the  liquid  then  neutralised  by 
addition  of  sodium  carbonate.  After  this  preliminary  treatment,  the 
flowers  give  colours  very  similar  to  those  of  "  young  fustic  " — terra 
cotta  with  chromium  mordant,  bright  orange  with  alumina,  bright 
yellow  with  tin,  and  brownish-olive  with  iron. 

The  chromium  colour  is  remarkable  in  being  redder  than  that  given 
by  any  other  mordant  yellow  dye-stuff.  All  these  colours  are  very 
fugitive  to  light,  so  that  it  cannot  be  recommended  as  a  useful  addition 
to  the  yellow  dyes  at  present  in  use.  This  conclusion  of  Messrs. 
Hummel  and  Perkin  is  directly  contrary  to  the  opinion  expressed  by 
Sir  Thomas  "Wardle  in  his  Report,  that  ';the  flowers  contain  a  very 
beautiful  yellow  colouring  matter,"  and  that  "  they  would  no  doubt  be 
a  useful  addition  to  our  already  large  number  of  yellow  dye-stuffs,  if 
they  could  be  obtained  in  quantity  at  a  low  price.''  It  must  lie  pointed 
out,  however,  that  Wardle  does  not  state  whether  the  colours  he 
obtained  were  permanent,  and,  presumably,  he  did  not  experiment  in 
this  direction. 

From  this  short  account  of  the  exhaustive  examination  of  Indian 
dye-stuffs  now  being  carried  out,  under  the  auspices  of  the  Scientific 
Department  of  the  Imperial  Institute,  by  Messrs.  Hummel  and 
Perkin,  it  will  be  seen  that  results  of  great  practical  interest  and 
scientific  value  have  already  been  obtained.  The  supply  of  natural 
dye-stuffs  is  not  so  important  as  it  was  in  the  days  prior  to  the  intro- 
duction of  artificial  dyes,  but,  as  Sir  Thomas  Wardle,  himself  a  dyer 
of  great  practical  experience,  remarks  in  the  introduction  to  his 
Report  on  the  Dyes  and  Tans  of  India:  "These  Indian  dyes  are 
well  worth  the  attention  of  European  dyers  and  printers,  as  possessing 
properties  distinct  from,  and  in  many  cases  superior  to,  the  dyes 
obtained  from  artificial  sources."  This  being  so,  it  is  very  important 
that  such  a  careful  examination  of  their  chemistry  and  their  tinctorial 
properties  as  is  now  proceeding  should  be  carried  out,  for  only  in  this 
way  can  those  which  may  be  useful  on  an  industrial  scale  be  separated 
from  those  which  are  useless.  In  India,  where  natural  dye-stuffs 
compete  on  much  more  advantageous  terms  with  artificial  colouring 
matters,  the  results  of  this  examination  should  te  particularly  useful 
in  giving  native  dyers  new  dye-stuffs,  and  in  improving  the  methods  of 
applying  the  old  ones.  Moreover,  as  Me-srs.  Hummel  and  Perkin 
point  out,  the  starting-point  in  the  manufacture  of  artificial  alizarin, 
one  of  the  most  notable  discoveries  of  the  century  connected  with 
colouring  matters,  was  Indian  madder.  It  may  prove  worth  while, 
therefore,  to  carefully  examine  the  constituents  of  these  Indian  dyeing 
materials,  in  the  hope  of  meeting  with  new  compounds,  and,  bv 
determining  their  chemical  constitution,  pave  the  way  for  a  new 
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industry  as  important  as  the  manufacture  of  alizarin  is  at  the  present 
time. 

For  the  benefit  of  those  who  may  bo  interested  in  Indian  dye- 
stuffs,  the  following  list  of  books  and  papers  which  contain  information 
on  the  subject  has  been  compiled  : — 


Schvmck  and  Roemer, 

• 

Wardle, 

Schunck  and  Marchlewski, 

Watt, 

Bancroft, 

Gkmfreville, 

Hummel  and  Perkin, 

Perkin, 

Perkin  and  Hnmmel. 


Perkin  and  Cope, 
Perkin  and  Hummel, 

Hummel  and  Cavallo, 
Perkin  and  Hummel, 

,,          Pilgrim 
Perkin, 


liericldc    di'r    Deiitschen    Chemisclien     Gesellschaft, 

Vol.  X.,  172-192. 
Report  to  Indian  Government  on  the  Dyes  and  Tans  of 

India,  1887. 

Annalcn.     277,  261-276. 
Dictionary  of  Economic  Products  of  India. 
Philosophy  of  Permanent  Colmirs. 
L'cnt  de  la  teinture  des  laines,  Bcll'lln  d<-  lf<  So/-ii'fe 

Iiitlaxtrielle  de  Mulhouse,  1832. 
Journal  of  the  Society  of  Chemical  Industry.     1894, 

353,  and  1895,  458. 

Kamala.  Trans.  Chem.  Soc.  1893,  975  ;  1895,  230. 
J'ubia  sikkimcnsis.  Trans.  Chem.  Soc.  1893,  1157. 
I  )ldenlnndia  umlrllata.  Trans.  Chem.  Soc.  1893, 

1160 ;  1895,  817. 

Mwlnda  umltellata.  Trans.  Chem.  Soc.  1894,  851. 
Ventilago  madraspatana.  Trans.  Chem.  Soc.  Ih94, 

923. 
Artocarpus  intearifolia.     Trans.  Chem.  Soc.     1895, 

937. 
Toddalia  aculeata  and  Erodia   mclifffolia.     Trans. 

Chem.  Soc.     1895,  413. 

Buteafrondosa.     Proc.  Chem.  Soc.     1894,  11. 
Myriea  Nayi.     Trans.  Chem.  Soc.     1896,  1287. 
Delphinium  Zalil.     Trans.  Chem.  Soc.     1898,  268. 
Flemingia  congesta.    Trans.  Chem..  Soc.    1898,661. 
Gossypium   hcrlaceum.     Trans.  Chem.   Soc.     1899, 

825. 


The  Dyeing  Properties  of  Catechin  and  Catechu-Tannic  Acid,1 

By  J.  J.  HUMMEL  and  REGINALD  B.  BROWN. 

Any  one  who  has  studied  the  literature  having  reference  to  the  applica- 
tion of  catechu,  must  have  been  struck  by  the  fact  that  very  contra- 
dictory statements  appear  in  text-books  as  to  which  of  the  two  chief 
constituents  of  this  dye-stuff  plays  the  more  important  part  in  the 
dyeing  process.  This  uncertainty  led  us  to  make  experiments  on  the 
subject,  especially  as  we  had  at  command  a  sufficient  quantity  of  pure 
catechin,  which  had  been  prepared  in  the  Research  Laboratory  of  the 
Dyeing  Department,  by  Mr.  A.  G.  Perkin  and  Dr.  Setzer.  Moreover,  a 
number  of  samples  of  various  Indian  cutches  had  been  received  for 
examination  from  the  Imperial  Institute,  and  it  was  thought  that  the 
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investigation  of  the  dyeing  properties  of  these  samples  and  of  the  con- 
stituents of  catechu  in  their  pure  condition  might  suitably  be  under- 
taken at  the  same  time. 

The  authors  of  many  text-books  appear  to  have  derived  their  in- 
formation from  an  earlier  source,  for  we  find  the  same  statements 
couched  in  identical  language  in  several  works,  while  in  no  case  are  the 
actual  experiments  described  on  which  the  conclusions  are  based.  All 
agree  in  describing  catechu  as  containing  (1)  a  colourless  crystallisable 
body,  insoluble  in  cold  water,  which  is  called  catechin  or  catechuic 
acid;  (2)  a  substance  of  the  nature  of  tannin,  perfectly  soluble  in 
cold  water,  and  known  as  catechu-tannic,  or  mimotannic  acid ;  and  (3) 
other  substances  possessing  a  brown  colour,  and  probably  formed  by 
the  oxidation  of  one  or  both  the  preceding  bodies,  e.g.  rubinic  and 
japonic  acids.  Here  agreement  ends,  and  as  regards  the  usefulness  of 
these  substances  in  dyeing,  a  variety  of  views  are  expressed.  Kurrer 
(1848)  states  that  the  portion  of  catechu  possessing  dyeing  properties 
is  the  catechin  which,  on  oxidation,  forms  japonic  acid,  and  that  the 
catechu-tannic  acid  is  without  any  influence  on  the  production  of  the 
colour,  since  catechu,  from  which  all  the  catechu-tannic  acid  has  been 
removed,  retains  its  dyeing  properties  unimpaired.  The  same  state- 
ment, that  catechin  plays  the  chief  part  when  catechu  is  employed  in 
dyeing,  is  also  made  by  Schiitzenberger  (1867),  Fol  (1872),  Crookes 
(1874i.  Singer  (1*75),  and  others.  On  the  other  hand,  the  claims  of 
catechu-taunic  acid  to  be  the  useful  constituent  for  the  dyer  are 
upheld  by  Sacc  (1861)  and  T.  Joclet  (1879),  while  Xapier  (2nd  ed. 
Inrarden,  and  Grace  Calvert  (1878)  ascribe  the  dyeing  properties 
of  catechu  to  both  constituents. 

In  view  of  these  contradictions,  we  decided  to  make  dyeing  experi- 
ments with  the  pure  substances,  having  regard  only  to  the  application 
of  catechu  in  the  dyeing  of  cotton.  The  crystallised  and  colourless 
catechin  prepared  in  the  research  laboratory  was  considered  to  be 
absolutely  pure,  and  the  catechu-tannic  acid  employed,  obtained  from 
the  firm  of  E.  Merck,  of  Darmstadt,  though  not  absolutely  pure, 
having  a  pale  yellowish-brown  colour,  seemed  to  be  sufficiently  pure 
for  the  present  purpose.  In  the  first  instance  we  merely  compared  the 
dyeing  properties  of  these  two  products  with  each  other,  and  at  the 
same  time  with  those  of  commercial  Gambler  and  "  Bull-cutch,"  as 
representing  two  widely  different  varieties  of  catechu.  In  the  course 
of  the  experiments,  however,  further  points  of  interest  arose,  notably 
the  function  of  copper  sulphate  in  the  dyeing  process. 

In  the  ordinary  method  of  dyeing  cutch-brown  on  cotton,  the 
material  is  steeped  in  a  hot  solution  of  catechu  containing  a  small 
addition  of  copper  sulphate,  and  subsequently  allowed  to  remain  in  the 
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bath  as  it  cools.  Without  washing,  it  is  then  treated  in  a  boiling  bath 
containing  potassium  bichromate,  and  for  deep  shades  the  dyeing  and 
chroming  operations  are  repeated.  Our  first  experiments  were  carried 
out  according  to  this  process,  and  were  conducted  as  follows  : — 0-5  grm. 
of  each  substance  was  dissolved  in  distilled  water,  and  the  solution, 
with  or  without  the  addition  of  copper  sulphate,  diluted  to  50  c.c.  In 
this  solution  a  piece  of  cotton  cloth  3|  x  2|-  in.  in  size,  and  weighing 
0'5  grm.,  was  boiled  for  one  hour,  and  allowed  to  steep  for  one  hour 
in  the  cooling  liquor,  then  squeezed,  and  "saddened"  in  a  bath  con- 
taining 2  grans.  K2Cr2O7  per  litre  for  10  minutes  at  the  boil.  During 
these  operations  the  boiling  liquors  were  maintained  at  a  constant 
level.  With  half  of  each  pattern  the  dyeing  and  saddening  processes 
were  repeated. 

Experiment  1. — Catechin,  catechu-tannic  acid,  Gambier  and  Bull- 
cutch  were  dyed  simultaneously,  according  to  the  above  method,  with 
the  addition  of  0'05  grm.  CuSO4  to  each  solution.  On  comparing  the 
results  it  was  seen  that  the  shades  given  by  catechin  and  Gambier 
were  similar,  and  much  paler  than  those  obtained  from  catechu-tannic 
acid  and  Bull-cutch,  which  were  also  similar  to  each  other.  The  infer- 
ences to  be  drawn  from  this  experiment  are,  (1)  that  both  catechu- 
tannic  acid  and  catechin  possess  dyeing  properties,  but  the  former  to 
a  much  greater  degree  than  the  latter ;  (2)  that  Gambier  behaves  in 
dyeing  exactly  like  catechin,  while  Bull-cutch  behaves  like  catechu- 
tannic  acid.  The  repetition  of  the  dyeing  and  saddening  operations 
very  greatly  increases  the  depth  of  colour ;  in  fact,  only  in  this  way  is 
it  possible,  according  to  our  experiments,  to  obtain  very  full  brown 
shades,  an  increase  in  the  concentration  of  the  cutch  bath  not  sufficing 
for  this  purpose.  It  may  be  noted  in  passing  that  catechin  dyed  twice 
gives  a  very  similar  shade  to  catechu-tannic  acid  dyed  once. 

Experiment  2. — A  repetition  of  Experiment  1  was  made,  omitting 
the  addition  of  copper  sulphate  to  the  dye-baths.  A  similar  com- 
parative result  was  obtained,  but  all  the  shades  were  much  lighter 
than  in  the  first  experiment.  In  this  trial  Bull-cutch  dyed  a  deeper 
colour  than  an  equal  weight  of  catechu-tannic  acid,  and  since  it  is  of 
course  impossible  that  the  commercial  product  can  be  stronger  in  actual 
colouring  power,  so  far  as  this  is  due  to  catechu-tannic  acid,  than  the 
pure  substance  itself,  this  greater  depth  of  shade  might  seem  to  be  due 
to  the  presence  in  the  cutch  of  small  quantities  of  other  colouring 
matters.  The  varying  tones  of  brown  obtained  from  different  cutches 
might  also  be  accounted  for  in  this  way.  Having  regard,  however,  to 
the  fact  that  when  dyeing  with  the  addition  of  CuSO4  (in  Experi- 
ment 1),  the  depth  of  colour  produced  by  catechu-tannic  acid  is  slightly 
greater  than  that  given  by  cutch,  it  is  possible,  and  appears  to  us  more 
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probably  correct,  that  the  greater  colouring  power  of  the  cutch  in  this 
experiment  is  due  to  its  containing  certain  soluble  oxidation  products 
intermediate  between  catechu-tannic  acid  and  the  insoluble  brown 
colouring  matter  as  fixed  on  the  fibre. 

It  was  noticed  that  catechin  with  copper  sulphate  produced  a  colour 
equal  in  depth  to  that  given  by  catechu-tannic  acid  without  this 
addition.  It  is  therefore  possible,  as  suggested  by  Xeubauer  (1856), 
that  under  the  oxidising  influence  of  copper  sulphate  catechin  is  con- 
verted into  catechu-tannic  acid,  and  since  the  experiments  show  that 
the  latter  when  dyed  with  the  addition  of  copper  sulphate  yields  a 
darker  colour  than  without,  it  would  appear  as  if  catechu-tanuic  acid 
formed  an  intermediate  product  between  catechin  and  the  ultimate 
brown  substance  fixed  upon  the  dyed  cotton. 

Experiments  3  to  6  were  made  with  the  object  of  ascertaining  to 
what  extent  each  step  in  the  process  contributes  to  the  final  depth  of 
colour  when  dyeing  with  the  pure  colouring  principles  with  and  without 
copper  sulphate.  In  each  case  one  pattern  was  dyed  for  an  hour  at  the 
boil,  a  second  was  allowed  to  cool  in  the  bath,  and  with  the  thii-d  and 
fourth  patterns  the  operations  were  repeated  twice  and  thrice  respect- 
ively. The  patterns  showed  that  the  increase  in  depth  due  to  steeping 
in  the  cooling  liquor  is  very  marked  in  the  case  of  catechu-tannic  acid, 
but  very  slight  with  catechiu :  the  latter  is  at  once  precipitated  on 
cooling,  and  further  absorption  of  it  by  the  fibre  is  thus  prevented. 
Catechin  dyed  without  copper  sulphate  yields  only  a  very  pale  brown, 
even  after  three  times  dyeing  and  saddening ;  after  the  first  saddening 
the  cotton  has  merely  acquired  a  dull  yellow  tint,  and  it  is  possible 
that  the  colour  resulting  from  repetition  of  the  dyeing  process  may  be 
due  to  catechin  becoming  partially  changed  in  the  dye-bath  to  catechu- 
tannic  acid  by  atmospheric  oxidation.  In  the  case  of  catechin  it  is 
also  noticed  that  the  effect  of  chroming  at  each  stage  of  the  process  is 
to  make  the  colour  much  yellower  and  only  very  slightly  deeper  :  the 
increased  depth  of  colour  due  to  repetition  of  the  operation  is  therefore 
acquired  during  dyeing  and  not  in  the  saddening  bath.  With  catechu- 
tannic  acid  the  exact  contrary  is  the  case,  an  added  dyeing  operation 
merely  makes  the  brown  yellower  in  tone  and  very  little  fuller,  while 
on  saddening  a  great  increase  in  depth  results.  It  would  seem,  there- 
fore, that  the  colouring  matter  in  the  form  of  catechu-tannic  acid, 
which  may  provisionally  be  regarded  as  the  more  highly  oxidised 
condition,  is  more  sensitive  to  the  further  influence  of  oxidising  agents, 
«.  g.  K.,Cr2O7,  than  when  it  is  in  the  form  of  catechin. 

It  may  be  further  noted  that  the  results  of  these  trials  corroborate 
those  of  Experiments  1  and  2  :  the  shades  obtained  by  the  use  of 
catechin  with  the  addition  of  copper  sulphate,  and  catechu-taunic  acid 
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without  this  addition,  are  similar  in  depth,  but  the  browns  from 
catechin  are  redder  before  saddening,  and  yellower  after  saddening 
than  those  from  catechu-tannic  acid. 

Experiment  7. — Catechu-tannic  acid  and  commercial  Bull-cutch  were 
dyed  in  the  cold  for  periods  of  1  and  16  hours  without  the  addition  of 
CuSO4 ;  it  was  here  sought  indeed  to  apply  catechu-tannic  acid  to 
cotton  under  the  conditions  found  most  favourable  in  the  case  of 
tannic  acid.  On  comparing  the  patterns  with  those  of  Experiment  2, 
which  were  dyed  at  the  boil,  it  was  seen  that  the  shades  differed  little 
from  each  other.  This  result  was  by  no  means  unlocked  for,  since  in 
the  absence  of  CuS04  one  would  naturally  expect  that  only  the  soluble 
catechu-tannic  acid  would  be  utilised.  By  allowing  the  patterns  to 
steep  in  the  dye-bath  overnight,  instead  of  for  one  hour  only,  a  slight 
increase  in  depth  results,  and  here  again  it  is  possible  that  atmospheric 
oxygen  during  the  prolonged  operation  acts  like  the  copper  sulphate  of 
the  ordinary  process. 

Experiment  8. — Patterns  were  dyed  under  exactly  the  same  con- 
ditions as  in  Experiment  7,  but  with  the  addition  of  CuSO4  to  each 
dye-bath.  Here  no  improvement  is  shown  on  prolonging  the  dyeing 
operation  beyond  one  hour,  all  possible  oxidation  in  the  dye-bath  being 
apparently  effected  by  the  CuSO4  during  the  first  hour.  On  comparing 
the  dyed  patterns  with  those  obtained  in  Experiment  1,  dyeing  at  the 
boil,  very  little  difference  in  depth  of  colour  was  noticed  in  the  case  of 
catechu-tannic  acid,  but  with  Bull-cutch,  which,  of  course,  contains 
both  catechin  and  catechu-tannic  acid,  the  patterns  dyed  at  the  boil 
were  considerably  the  deeper.  This  fact  again  indicates  that  in  the 
presence  of  CuSO4  both  constituents  of  the  cutch  take  part  in  the 
dyeing  process. 

Experiment  9. — It  was  thought  possible  that  the  greatly  increased 
depth  of  colour  caused  by  a  repetition  of  the  dyeing  process  was  due  to 
the  attraction  of  further  colouring  matter  by  the  chromic  oxide  fixed 
upon  the  cotton  along  with  the  colouring  matter  after  once  dyeing.  In 
order  to  ascertain  whether  cotton  mordanted  with  chromic  oxide 
attracts  the  colouring  matters  of  catechu,  a  piece  of  cotton  was 
mordanted  with  chromium  and  divided  into  portions  of  the  same  size 
as  those  used  in  previous  trials.  These  were  dyed  with  catechin  and 
catechu-tannic  acid,  and  saddened  with  K2Cr.,O7  :  the  colours  obtained 
in  this  trial  were  in  both  cases  considerably  deeper  than  those  dyed 
on  unmordanted  cotton ;  the  explanation  suggested  may  therefore  be 
the  true  one.  With  regard  to  the  use  of  mordants  in  conjunction  with 
catechu,  it  was  found  that  with  aluminium  mordants  pure  catechin 
dyes  a  dull  light  brown,  and  with  iron  mordants  a  more  purplish- 
brown,  both  colours  becoming  much  yellower  on  subsequent  treatment 
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with  K0Cr.,O7.  Catechu-tannic  acid  yields  with  aluminium  a  brownish- 
yellow,  with  iron  a  dull  light  brown,  and  these  shades  are  made  much 
deeper  by  saddening  with  K0Cr0O7,  the  former  changing  to  a  full  red- 
brown,  the  latter  to  a  yellowish-brown  of  medium  depth. 

There  still  remained  to  be  considered  the  action  of  the  copper 
sulphate  in  the  dye-bath.  If  the  idea  is  correct  that  it  brings  about  the 
conversion  of  catechin  into  catechu-tannic  acid,  the  question  naturally 
:  Is  this  change  effected  by  virtue  of  the  oxidising  properties  of 
copper  sulphate,  or  is  the  presence  of  a  metallic  mordant  in  the  dye- 
bath  an  essential  feature  of  the  operation  ?  To  solve  this  question,  as 
far  as  it  can  be  solved  by  dyeing  experiments,  it  was  necessary  to  dye 
with  the  addition  of  various  substitutes  for  copper  sulphate,  some  of 
which  resembled  this  salt  in  containing  a  metal,  others  in  possessing 
oxidising  properties,  and  to  compare  the  patterns  so  dyed  with  those 
dyed  without  addition,  and  with  the  addition  of  copper  sulphate.  In 
choosing  oxidising  agents  for  this  purpose,  K.,Cr0O7  and  ferric  salts 
were  necessarily  excluded,  since  they  precipitate  catechin  in  the  dye- 
bath.  According  to  the  result  of  the  experiments,  which  were  made 
with  Gambier,  the  substitutes  employed  may  be  divided  into  three 
groups : — 

(1)  Substitutes  which  yield  no  useful  result,   the  resulting  colour 
being  little  or  no  deeper  than  when  dyed  without  addition.     In  this 
group  are  comprised  chrome  alum,  aluminium  sulphate,  zinc  sulphate, 
sulphuric  acid,  and  sodium  carbonate. 

(2)  Substitutes  causing  an  increased  depth  of  shade,  but  giving  a 
duller  and  yellower  shade  of  brown  than  that  obtained  with  the  use  of 
copper  sulphate.     These  additions  were  ferrous  sulphate  and  potassium 
permanganate  with  sulphuric  acid. 

(3)  The  colour  is  somewhat  similar  in  depth  and  tone  to  that  given 
by  dyeing  with  the  addition  of  copper  sulphate.     This  was  the  case 
with  hydrogen  peroxide  only. 

"We  may  therefore  conclude  from  these  results  that  copper  sulphate 
is  mainly  useful  on  account  of  its  oxidising  properties,  which,  however, 
are  not  active  enough  under  the  conditions  of  the  dye-bath  to  pre- 
cipitate the  solution.  Non-oxidising  metallic  salts  have  little  "or  no 
influence  upon  the  shade,  with  the  exception  of  ferrous  sulphate,  which 
resembles  potassium  permanganate  in  causing  the  production  of  a  deep 
dull  brown  of  a  yellowish  tone,  a  result  probablv  due  to  a  mordanting 
action  of  the  iron  and  manganese  respectively.  Since,  however,  the 
pattern  dyed  with  the  addition  of  ferrous  sulphate  is  lighter  than  the 
one  obtained  by  the  use  of  permanganate,  the  oxidising  property  of  the 
latter  is  apparently  not  without  influence  on  the  depth  of  colour.  The 
change  in  the  dye-bath  to  which  the  increased  depth  is  due  is  not 
I-  Q 
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brought  about  by  either  acid  or  alkali,  and  the  only  useful  substitute 
for  copper  sulphate  among  those  we  have  tried  is  peroxide  of  hydrogen, 
which,  however,  gives  a  shade  somewhat  lighter  and  redder  in  tone 
than  is  obtained  by  the  use  of  copper  sulphate.  It  has  already  been 
conjectured  that  in  certain  cases  the  oxygen  of  the  air  may  act  in  the 
same  way  as  the  CuSO4,  although  by  reason  of  the  slow  action  of  the 
air  the  use  of  CuSO4  could  never  be  superseded  in  practice  by 
atmospheric  oxidation,  at  any  rate,  so  far  as  dyeing  with  catechu  is 
concerned. 

A  final  experiment  was  now  made  to  compare  the  effects  of  applying 
the  copper  sulphate  and  catechin  simultaneously  and  successively,  and 
for  this  purpose  one  piece  of  cotton  was  treated  successively  in  separate 
baths  with  CuSO4  and  catechu ;  with  a  second  pattern  this  order  of 
operations  was  reversed,  while  two  others  were  dyed  at  the  same  time 
with  cutch  alone,  and  cutch  +  CuSO4  respectively;  half  of  each 
pattern  being  afterwards  saddened  with  K0Cr.,O7.  On  examining  the 
patterns  it  was  seen  that  the  cotton,  treated  with  CuSO4  and  then  with 
catechu  was  similar  before  and  after  saddening  to  that  dyed  without 
addition.  As  we  expected,  the  preliminary  boiling  with  CuSO4  had  no 
effect.  On  now  comparing  the  results  of  applying  the  copper  sulphate 
in  the  same  bath  as  the  cutch  and  subsequently  to  it,  the  former 
pattern  was  found  to  be  much  the  deeper,  and  hence  we  conclude  that 
the  function  of  copper  sulphate  is  to  convert  the  colouring  matter  into 
some  form  in  which  it  is  most  readily  attracted  by  the  cotton,  and  for 
this  purpose  it  must  be  added  to  the  actual  dye-bath. 

The  conclusions  to  be  drawn  from  our  experiments  may  now  be 
briefly  summarised  us  follows  : — In  dyeing  cotton  with  catechu  the 
catechin  and  catechu-tannic  acid  both  contribute  to  the  production  of 
the  colour,  the  tinctorial  power  of  catechu-tannic  acid  exceeding  that 
of  catechin.  It  is  very  probable  that  in  the  dye-bath  catechin  is  con- 
verted into  catechu-tannic  acid  by  the  action  of  CuSO4,  and  it  is 
therefore  clear  that  a  twofold  oxidation  is  necessary,  the  addition  to 
the  dye-bath  of  a  small  quantity  of  some  oxidising  agent,  e.  g.  CuSO4, 
which  does  not  cause  precipitation  of  the  colouring  matter,  and  a 
subsequent  oxidation  in  a  separate  bath  with  potassium  bichromate. 
Having  regard  to  these  facts,  our  experiments  show  that  the  practical 
method  of  dyeing  with  catechu,  viz.  at  the  boil,  and  with  the  addition 
of  CuSOj,  is  perfectly  justified,  for  although  the  final  product  of  the 
oxidation  of  catechin  is  the  insoluble  brown  substance  provisionally 
termed  japonic  acid,  it  does  not  appear  that  the  oxidising  action  of  the 
copper  sulphate  is  energetic  enough  to  produce  this  substance  already 
in  the  dye-bath.  Had  this  been  the  case,  the  use  of  copper  sulphate 
in  the  dye-bath  would  have  been  injurious.  The  final  and  complete 
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oxidation  to  insoluble  japonic  acid  is  reserved  for  the  subsequent 
action  of  the  potassium  bichromate. 

In  examining  the  dyeing  properties  of  the  twenty-nine  samples  of 
Indian  cutch  received  from  the  Imperial  Institute,  it  became  evident 
that  the  differences  observed  in  the  dyed  patterns  corresponded  to  a 
certain  extent  to  the  differences  shown  by  catechin  and  catechu-tannic 
acid  in  the  foregoing  experiment-.  The  cutch  samples  were  compared 
in  -the  following  manner  : — 10  grrns.  of  each  sample  were  extracted 
with  water  at  80"  — 90'  C.  for  one  hour,  1  gram  CuSO4  added,  and  a 
piece  of  cotton  cloth  weighing  10  grms.  introduced  into  the  bath.  The 
above  temperature  was  maintained  with  constant  level  for  one  hour, 
and  the  cotton  allowed  to  cool  for  four  hours  in  the  liquor ;  at  the  end 
of  this  period  one-third  of  the  pattern  was  retained  without  further 
treatment,  the  remainder  saddened  for  10  minutes  at  the  boil  in  a  bath 
containing  2  grms.  K.,Cr,,O-  per  litre.  At  this  stage  another  portion  of 
the  pattern  was  retained,  and  the  remaining  third  of  the  original 
piece  was  subjected  to  a  repetition  of  the  dyeing  and  saddening 
operations. 

Judged  according  to  their  dyeing  properties,  the  various  samples  of 
cutch  examined  naturally  divide  themselves  into  the  following  three 
groups  : — 

I.  Cutches    which,    by    the    Dimple    treatment   of    cotton    in    their 
decoctions  at  a  high  temperature,  with  the  addition  of  copper  sulphate, 
impart  a  more  or  less  yellowish-brown  and  somewhat  pale  colour  to  the 
cotton,  not  m'~i.teri<i.Uy  affected  or  darkened  by  subsequent  boiliny  with 

ium  bichromate,  thus  showing  that  little  of  the  colouring  principle 
of  the  catechu  has  been  attracted  by  the  cotton.  If  the  two  operations 
are  repeated,  these  cutches  give  yellowish-browns  possessing  only  a 
moderate  depth  of  colour. 

II.  Cutches  which  in  the  first  process  stain  the  cotton  a  reddish  or 
orange-brown  colour  much  fuller  than  that  given  by  the  members  of 
Group  I.,  and  ichich  by  chroming  are  rendered  distinctly  redder  and 
darker,   an  indication  that  the  cotton  has  taken  up  a  much  larger 
quantity  of  the  colouring  principle  than  in  the  case  of  cutches  belong- 
ing  to   Group   I.     By   repeating   the   ope  rations   of   "  stuffing "'   and 
"  saddening,"  the  cutches  of  this  group  give  a  full  rich  reddish-brown 
dye  much  deeper  than  that  given  by  the  members  of  Group  I.     These 
cutches  are  apparently  of  the  best  quality  for  the  purpose  of  cotton 
dyeing. 

III.  Cutches  which  in  the  first  process  give  a  comparatively  pale 
yellowish-cinnamon  colour,   which  is  reddened   by  chroming.     By   re- 
peating the  operations  of  "  stuffing  "  and  "  saddening "  these  cutches 
give  reddish-brown.s.  having  little  depth  or  body  of  colour. 


228  TECHNICAL   REPORTS. 

On  examination  it  would  appear  that  the  first  group  includes  cutches 
Nos.  1-8  (see  Table,  p.  230),  all  of  which  are  of  a  somewhat  pale 
brownish-grey  internally,  and  show  an  earthy  fracture.  Nos.  9-12 
may  be  reckoned  as  belonging  to  the  same  group,  although  they  are 
dark  brown  in  colour,  show  a  lustrous  fracture,  and  dye  a  somewhat 
redder  shade  of  brown  than  the  foregoing.  From  their  appearance 
these  cutches  consist  very  largely  of  catechin. 

The  second  group  comprises  Nos.  14-25,  all  of  which  are  dark  brown 
in  colour,  and  have  a  lustrous  fracture.  These  cutches  being  much 
more  soluble  in  cold  water  than  those  of  Group  I.,  and  giving  darker 
colours,  no  doubt  consist  very  largely  of  catechu-tannic  acid.  The 
third  group  includes  the  Gambier  catechus,  Nos.  26-28,  which  have  a 
pale  colour  and  earthy  fracture,  appearing  to  consist  essentially  of 
catechin. 

In  the  table,  cutches  Nos.  1-12  are  arranged  according  to  the  shade 
given  in  dyeing  cotton,  No.  1  giving  the  yellowest  brown,  No.  12  the 
reddest  shade. 

Cutches  Nos.  14-25  are  arranged  in  order  of  depth  of  colour,  No. 
14  being  the  darkest  and  No.  25  the  palest,  though  still  a  good  colour. 

Of  cutches  Nos.  26-28,  the  first  mentioned  gives  the  deepest  colour. 

Sample  No.  13  gives  only  a  grey  stain  and  is  evidently  not  catechu, 
but,  as'stated  on  the  label,  an  imitation,  and  appears  to  consist  chiefly 
of  mineral  matter. 

No.  29,  which  is  not  intended  for  dyeing,  has  similar  properties  to 
Nos.  26-28,  but  gives  a  much  paler  colour  of  comparatively  little 
value. 

For  the  purpose  of  comparison,  cotton  patterns  were  also  dyed  with 
the  two  following  samples  of  cutch  at  present  in  the  market : — 

1.  Bull-cutch.— This  quality,  which  is  said  to  represent  the  best  in 
the  market,  has  the  form  of  large  irregular  blocks  of  a  dark  brown 
colour  and  lustrous  fracture. 

2.  Mangrove-cutch. — This    variety    of    cutch,    which    is    probably 
derived  from  Ceriops  CandoUeana,  forms  a  very  dark  reddish-brown 
resinous  mass,  having  considerable  lustre,  and  being  almost  entirely 
soluble  in  cold  water. 

When  dyeing  with  Bull-cutch  the  cotton  is  stained  in  the  first 
operation  a  pale  yellowish-brown,  somewhat  similar  to  that  given  by 
the  members  of  Group  I.,  but  by  chroming  it  became  much  darker  and 
redder,  behaving,  therefore,  like  those  of  Group  II.  By  repeating  the 
stuffing  and  saddening  operations  a  very  full  reddish-brown  dye  is 
obtained.  The  Mangrove-cutch  behaved  during  the  dyeing  process 
very  similarly  to  the  Bull-cutch,  the  chief  difference  being  that  in  the 
first  operation  the  cotton  is  stained  a  very  much  redder  shade  than 
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that  given  by  any  other  cutch  examined.  These  dyeing  experiments 
show  that  the  Bull  and  Mangrove  cutches  may  be  considered  as 
belonging  to  Group  II.,  indeed  they  may  be  placed  at  the  head  of  this 
class,  since  after  twice  dyeing  they  give  much  darker  colours  than  any 
of  the  rest. 

On  comparing  the  results  obtained  fi'om  the  various  catechus  with 
those  given  by  catechin  and  catechu-tannic  acid,  it  was  seen  that  tho*e 
catechus  which  are  brown  in  colour,  lustrous,  and  more  soluble  in 
water  liehave  in  dyeing  like  catechu-tannic  acid,  while  those  which  are 
paler  in  colour,  with  earthy  fracture  and  less  soluble,  behave  like 
catechin,  of  which  they  probably  largely  consist.  Since  catechu-tannic 
acid  possesses  greater  colouring  power  than  catechin,  it  is  evident  that 
the  cutches  which  are  more  lustrous,  more  soluble,  and  richer  in 
catechu-tannic  acid  are  the  most  valuable  for  the  purpose  of  dyeing 
cot  tun. 
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These  notes  must  be  regarded  as  a  very  partial  enquiry  into  the 
application  of  catechu  in  dyeing,  since  we  have  entirely  omitted  any 
reference  to  the  details  connected  with  the  use  of  potassium  bichromate 
as  the  saddening  agent,  but  this,  and  other  points  of  interest  con- 
cerning the  use  of  catecltu,  we  may  possibly  refer  to  in  a  future 
communication  to  this  Society. 


FODDER   PLANTS   AND   FOOD   GRAINS. 

INVESTIGATIONS  have  been  conducted  of  the  constituents  of  several 
plants  and  food  grains  well  known  in  India  and  the  Colonies,  which 
are  believed  to  be  satisfactory  foods,  but  occasionally  have  proved 
to  be  poisonous.  The  first  plant  examined  was  the  Lotus  arabicus  of 
Egypt,  a  small  vetch  growing  on  the  banks  of  the  Nile,  which  has 
long  been  used  as  fodder  by  the  Arabs,  but  has  proved  to  be  poisonous 
on  a  number  of  occasions  when  eaten  in  the  young  state  by  animals. 
Investigation  has  shown  that  the  poison  is  prussic  acid,  and  that  this 
originates  in  a  glucoside  contained  in  the  plant,  which  is  decomposed 
under  the  influence  of  an  enzyme  also  present,  giving  prussic  acid  as 
one  of  the  pi'oducts  of  decomposition.  The  glucoside  only  exists  in 
the  plant  until  the  seeds  are  ripe,  after  which  time  the  plant  may  be 
safely  used  as  a  fodder.  A  paper  recording  the  results  of  this  enquiry 
is  reprinted  from  the  Philosophical  Transactions  of  the  Royal  Society 
in  the  Scientific  Section  of  this  volume. 

The  well-known  Great  Millet,  or  Guinea  Corn  (Sorghum  vulgare), 
used  extensively  in  tropical  countries  as  a  food  grain,  was  next  investi- 
gated, it  having  been  stated  that  the  young  plant  is  poisonous  to 
cattle.  In  this  case  too  the  poison  has  been  proved  to  be  prussic  acid, 
originating  in  a  new  glucoside  which  has  been  named  "  dhurrin."  The 
poison  is  only  yielded  by  the  young  plant.  A  paper  on  this  subject 
reprinted  from  the  Philosophical  Transactions  of  the  Royal  Society  is 
included  in  the  present  volume. 

Other  poisonous  plants  and  food  grains  are  at  present  under  in- 
vestigation, including  the  Phaseolus  lunntus  of  Mauritius,  the 
Chailletia  cymosa  of  South  Africa,  and  several  Western  Australian 
fodder  plants. 

A  considerable  number  of  seeds  of  various  plants  have  been  sub- 
mitted for  examination  from  time  to  time  by  the  Government  of  India 
with  the  object  of  acquiring  information  regarding  their  nutritive 
value.  The  enquiries  have  been  made  chiefly  with  the  view  of 
supplementing  the  available  sources  of  food  supply,  especially  in  times 
of  famine.  Many  of  the  plants  yielding  these  seeds  grow  almost  wild, 
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notably  the  pulses,  and  they  therefore  might  prove  to  lie  a  valuable 
reserve  in  time  of  scarcity.  The  analyses  of  these  grains  have  been 
undertaken  for  the  Department  by  Professor  A.  H.  Church,  F.R.S., 
in  continuation  of  the  investigation  of  Indian  foods  recorded  in  his 
well-known  work  on  this  subject  (The  Food  <T,-<I'U>.<  <>f  India,  Chapman 
and  Hall).  Professor  Church's  reports  are  appended.  One  of  the 
grains  analysed  by  Professor  Church,  Lathyn.'*  .*«//' /•>/.*,  is  at  present 
being  further  investigated  in  the  Laboratories  of  the  Department 
in  the  hope  of  throwing  some  light  on  the  remarkable  toxic  effects 
«>metinies  produced  by  it  when  employed  as  a  food  by  the  natives  of 
India.  These  effects  take  the  form  of  a  species  of  paralysis  known 
as  lathyrism.  The  grain  does  not  invariably,  even  in  India,  give 
rise  to  these  symptoms,  whilst  both  in  this  country  and  in  Canada 
it  has  been  employed  as  a  cattle  food  without  injurious  results.  The 
investigation  of  the  subject,  which  is  obviously  beset  with  many 
difficulties,  is  being  conducted  both  in  a  chemical  as  well  as  in  a 
physiological  direction. 

Indian  Food  Grains, 

The  following  reports  upon  various  Indian  food  grains  have  been 
made  by  Professor  A.  H.  Church,  F.R.S.  :— 

ClCER    SOXGARICUM,    STEPH. 

S  ••,nyms. — <''i'^i-  mi'-ri-iphyU.um,  Benth.:  (' .  Juripir-montn,  Jaub.  & 
Spach. 

Yti-iwnlfi.i'. — Ti-.ln'i,  J<  i  ril  n  i»\  Banyarte,  Sdrrii  >v/->-j,  Punjab:  SY/'i 
sfifed,  Ladakh. 

This  species  of  chick-pea  occurs  in  the  Western  Himalaya,  in  the 
temperate  and  alpine  region.  The  plant  is  used  as  green  fodder,  the 
seeds  as  human  food.  These  seeds  are  smaller  than  those  of  C. 
arietinum,  and  contain  rather  more  woody  fibre,  but  are  richer  in 
albuminoids  and  oil.  The  sample  analysed  came  from  the  Wazir  of 
Ladakh,  through  the  British  Resident  of  Kashmir.  The  seeds  give 
these  percentages  : — 

Water          .........  9'0 

Albuminoids  (from  total  nitrogen)1       ....  22'1 

Starch,  etc.  (by  difference) 47  3 

Oil 6-7 

Fibre 10'7 

Ash 4-2 

The  nutrient-ratio  is  here  1  :  2'8  and  the  nutrient-value  84. 
1   19 '8  by  phenol  method. 
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PHASEOLUS  CALCARATUS,  ROXB. 

Synonyms. — Phaseolus  sublobatus,  Wall.;  P,  hirtus,  Wall.;  P. 
pubescens,  Blume ;  P.  torosus,  Roxb. 

Vernacular. — Sutri,  Ghiirush,  Hind.;  Sutri,  Santal ;  Sita  mas,  Pan 
maia,  Nepal ;  Gurush,  Punjab. 

This  bean,  which  is  found  wild,  and  is  cultivated  throughout  the 
tropical  zone  from  the  Himalaya  to  Ceylon,  is  nearly  allied  to  P.  Mu  nyo. 
It  may  be  grown  at  a  greater  elevation  than  many  other  Indian  pulses. 
The  seeds  analysed  were  from  the  Botanic  Garden  at  Saharanpur. 

The  percentages  obtained  with  the  unhusked  seeds  were  : — 

Water          .  10-5 

Albuminoids  (from  total  nitrogen)  1     .          .          .          .21'7 
Starch,  etc.  (by  difference)  .         .         .         .         .  58 •! 

Oil 0-6 

Fibre 5-3 

Ash ....       3-9 

The  nutrient-ratio  is  here  1:2-7  and  the  nutrient- value  80. 

LATHYRUS  SATIVUS,  L. 

Synonym. — Cicercula  alata,  Moench. 

Vernacular. — Khesdri,  Hind. ;  Khesari,  Beng.  ;  Kesari,  Santal, 
Nepal;  Kisdri,  Punjab;  Gharas,  Ladakh. 

Peculiar  interest  attaches  to  this  vetchling  from  the  toxic  effects 
(paralysis,  etc.)  so  frequently  caused  in  animals,  as  well  as  in  human 
beings,  by  the  use  of  its  seeds  as  food.  Further  research  is  needed  in 
order  to  identify  the  poisonous  principle,  which  is  probably  a  volatile 
alkaloid  susceptible  of  dissipation  or  destruction  by  heat.  The  sample 
analysed  came  from  the  Wazir  of  Ladakh  through  the  British  Resident 
of  Kashmir.  The  unhusked  seeds  gave  the  following  percentages  : — 

Water 11-1 

Albuminoids  (from  total  nitrogen)  2  .          .          .24-4 

Starch,  etc.  (by  difference)  ......     55'3 

Oil      .         .         .         .         .       - 1-0 

Fibre 5-4 

Ash 2-8 

The  nutrient-ratio  is  here  1  :  2-3  and  the  nutrient-value  82. 

1  20 '1  by  phenol  method. 
-  *2'2'0  by  phenol  method., 
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PlSUM    AKVEXSE,    L. 

Y*i-tt<-i.rulw. — Ifo-tt'ir  reicari,  Desi  mattar,  Chota  mattar,  Kulon, 
Hind.  :  Desi  mattar,  Chota  mattar,  Beng.  ;  Kalon,  Kulai  latana, 
X.W.  Pr.  :  Koran*.  Karain,  Kashmir. 

The  small  seeds  of  the  common  field-pea,  grown  on  the  Experimental 
Farm  at  Cawnpore,  were  submitted  to  analysis.  They  showed,  on 
comparison  with  Indian-grown  samples  of  the  form  usually  called 
Pisum  $a.  tii-u.m,  a  considerably  higher  proportion  of  indigestible  fibre. 
These  percentages  were  obtained  with  the  unhusked  peas  : — - 

Water 10-9 

Albuminoids  (from  total  nitrogen) l      .          .         .          .     2:H 
Starch,  etc.  (by  difference)  ......     54-6 

Oil      .  1-2 

Fibre 8-6 

Ash .2-6 

The  nutrient-ratio  is  here  1  :  2*6  and  the  nutrient-value  79. 

CHEXOPODIUM  ALBUM,  L. 

Synonyms. — Ch*nopodinm  <•<><>/•?  and  C.  laciniatum^  L.;  C.  nepct 
Hort.,  Monsp. ;  C.  giganteum,  Don. ;  C.  purpurascens,  Ham. 

Vernacular, — Eathu  sag,  Chandan  behi,  Beng.  and  Hind. ;  Bathim, 
Bnthua,  Jauftag,  Llm"k.  Pb.  Plains;  7rr,  Chenab  Valley :  Em,  Ladakh; 
Jjtthviv".  J<rn*f"j,  filiiihfi'i.  N."\V.  Pr.  :  Chakurt.  Bomb.;  Jhil,  Sind ; 
etc.,  etc. 

This  ubiquitous  and  variable  "  goosefoot "  was  mentioned  in  The 
Food  Grains  of  India,  but  no  seeds  were  at  the  time  available  for 
analysis.  A  sample  recently  received  from  the  Deputy-Commissioner 
of  Lahore  gave  the  following  percentages  : — 

Water .          .       8-3 

Albuminoids  (from  total  nitrogen)  -      .         .         .         .18-4 
•Starch,  etc.  (by  difference)  .         .  ...     19-2 

Oil      . 21-1 

Fibre 29-4 

Ash 3-6 

The  nutrient-ratio  is  here  1  :  3'77  and  the  nutrient -value  86. 

In  spite  of  the  high  proportion  of  indigestible  matter  in  these 
unhusked  seeds,  their  analysis  confirms  the  Indian  opinion  of  their 
nutritious  r-hai-acter. 

1  18'3  by  phenol  method. 

2  1C  7  by  phenol  method. 
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EUEYALE    FEROX,    SALISB. 

Synonym*. — Anneslea  spinom,  Roxb. ;  Euryale  indica,  Planch. 

Vernacular. — Makhana,  Hind,  and  Beng. 

This  wild  aquatic  plant  affords  an  easily  digestible  and  nutritious 
food,  in  which  the  ratio  of  albuminoids  to  starch  is  approximately  1  to 
G.  The  figures  of  the  annexed  analysis  are  interesting,  as  we  possess 
very  scanty  information  concerning  the  constituents  of  the  seeds  of 
plants  belonging  to  the  Nymphceacwe,  Makhana  seeds  are  eaten  and 
relished  by  the  natives  of  Eastern  Bengal  and  Manipur.  They  are 
cooked  by  roasting  them  in  hot  sand,  when  the  exceedingly  hard  seed- 
coat  bursts — becoming  easily  removable. 

The  seeds  of  this  water-lily,  after  removal  of  the  seed-coat,  gave 
these  percentages  on  analysis  : — 

Water 12-3 

Albuminoids  (from  total  nitrogen) l      .         .         .         .12-8 

Starch  (by  difference) 73-3 

Oil 0-9 

Fibre .0-3 

Ash 0-4 

PERILLA  OCIMOIDES,  L. 

Synonyms. — Perilla  macrostachya,  Benth. ;  Oeimum  frntesccns,  L. ; 
Melissa  maxima,  Ard. ;  Mentha  perilloides,  Willd. 

Vernacular. — Bhanjira,  Hind. ;  Kenia,  Na,ga. 

The  seeds  of  this  aromatic  herb  (which  belongs  to  the  N.  O.  Labiata-") 
enter  into  the  dietary  of  the  hill-tribes  of  the  North- West  Himalayas 
and  in  Manipur.  Perilla  affords  a  rare  example  of  the  use  of  labiate 
seeds  for  food.  The  nutrient-ratio  is  here  about  1  to  5. 

These  labiate  seeds,  analysed  as  received,  gave  the  following 
percentages  : — 

Water 5-3 

Albuminoids  (from  total  nitrogen)  2     .         .         .         .  22-6 

Soluble  carbohydrates  (by  difference)   ....  10-6 

Oil      .                  . 43-2 

Fibre 14-0 

Ash 4-3 

In  view  of  the  importance  of  promoting  the  utilisation,  in  India,  of 
seeds  and  grains  available  as  food,  it  is  very  desirable  that  instructions 
should  be  issued  officially  for  ensuring  their  proper  preparation  (clean- 
ing, decorticating,  cooking,  etc.)  for  consumption,  especially  as  regards 

1  10'8  per  cent,  by  phenol  method. 

2  19  8  per  cent,  by  phenol  method. 
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the  less  known  and  less  valuable  varieties,  as  their  digestive  character 
and  wholesonieiiess,  and  general  value  as  food  in  times  of  scarcity, 
depend  upon  the  wide  diffusion  of  proper  instructions  for  their  use. 

CYAXOTIS  AXILLARIS,  RCEM.  ET  SCHULTES. 

Vernacular. — Xir^vJli,  Tarn.  :  Soltraj,  Bagha-wuUa,  Hind.  ;  Itaaka, 
Bomb. 

This  annual,  which  Ijelongs  to  the  X.  O.  L'<.>mm^ii"i •••  .1.  is  common 
in  many  parts  of  India.  Though  anything  but  promising  in  appear- 
ance, it  has  l>een  used  as  food  in  times  of  famine.  The  seeds  are 
spongy  and  light ;  100  weigh  only  4  grains.  The  sample  received  was 
largely  charged  with  earthy  matter  which  it  was  impracticable  to 
remove  entirely. 

These  percentages  were  obtained  : — 

Water         .         .         .         .         .         .         .         .  11 -5 

Albuminoids  (from  total  nitrogen)        ....  13-9 

Starch,  etc.  (by  difference)  ......  64*1 

Oil      . 0-5 

Fibre 3-1 

Ash  (includes  some  sand;     ......  6'9 

The  nutrient-ratio  is  here  1  :  4-G  and  the  nutrient-value  79.  By 
the  phenol  method  12-22  per  cent,  of  albuminoids  was  shown. 

After  all  these  poor-looking  seeds  possess  a  good  nutrilnt-ratio  and 
a  fair  alimentary  value. 

IXDK-OFEIiA    LIXIFOLIA,    B.ETZ. 

Vernacular. — 1'orki,  Hind,  and  Pb.;  Lhantjra,  Beng.;  Tandi  Rhode 
baha,  Santal  :  Eurbv.rni,  Pandhari  pale,  Bhangra,  Torki,  Bomb.; 
Pundhl.  Xasik  :  Jmrarirh  mafatandi,  Kaladgi,  Bomb. 

The  seeds  of  this  common  kind  of  wild  indigo  are  eaten  in  times  of 
scarcity  and  famine.  They  are  a  little  smaller  than  those  of  Indiyofera 
'jlandidvsa.  The  percentages  obtained  were; — 

Water 9'3 

Albuminoids  (from  total  nitrogen)        ....  34-3 

Soluble  carbohydrates  (by  different.               .         .         .  43 --t 

Oil     .         .        . 3-0 

Fibre 6-5 

Ash    ..........  3'5 

The  nutrient-ratio  is  here  1  :  1-47:  tue  nutrient-value  is  84.  The 
phenol  method  showed  02-2  per  cent,  of  albuminoids. 
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IXDIGOFERA    GLAXDULOSA,  WlLLD. 

Vernacular. —  Vekhariyo,  Mar.;  Barbed,  Sholapur ;  Gavacha  mnl- 
mandi,  Kaladyi,  Bomb. ;  Vekhariyo,  Baragadam,  Barapo.tf.Uu,  Boomi- 
dapu,  Tel. 

The  seed  of  this  wild  indigo  is  rather  larger  than  that  of  Indigo/era 
cordifolia  and  much  resembles  that  of  Indiyofera  linifolia.  100  seeds 
of  the  analysed  sample  weighed  4|-  grains.  These  are  the  percentages 
obtained  :— 

Water 8-2 

Albuminoids  (from  total  nitrogen)  .  .  .  .31-9 
Soluble  carbohydrates  (by  difference)  .  .  .  .46-7 
Oil  ....'....  .2-2 

Fibre .  .7-8 

Ash    .....  .  .3-2 

The  nutrient-ratio  is  here  1  :  1'G  and  the  nutrient- value  83.  The 
percentage  of  albuminoids  by  the  phenol  method  was  29 '3 2. 

INDIGOFERA  CORDIFOLIA,  HEYNE. 

Vernacular. —  Vckriaras  (Marmara),  Raj.;  Godadi,  Bodaya,  Botsaka, 
Bomb. 

The  seeds  of  this  wild  indigo  are  eaten  in  times  of  scarcity  and 
famine.  They  are  very  small,  100  weighing  less  than  1  grain.  When 
suddenly  heated  they  "pop"  like  maize.  On  analysis  these  percentages 
were  obtained  : — 

Water         ...'...  G'l 

Albuminoids  (from  total  nitrogen)  ....  30*8 
Soluble  carbohydrates  (by  difference)  .  .  .  .46-0 

Oil      .         .         . 1-3 

Fibre 11-2 

Ash 4-6 

The  nutrient-ratio  is  here  1  :  1'G  and  the  nutrient- value  79.  The 
percentage  of  albuminoids  by  the  phenol  method  was  identical  with 
the  above-given  figure. 

OKYZA  COARCTATA,  ROXB. 

Synonym. — 0.  triticoides,  Griffith  (see  species  o  in  Hooker's  Flora  of 
British  India,  Vol.  VII.  p.  93) :  a  very  distinct  kind. 

The  grain  as  received  still  retained  the  pericarp.  One  hundred  of 
these  grains  weighed  18  grains. 
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On  analysis  the  following  percentage  results  were  obtained  : — 

Water  lost  at  100'                 .                   .  .      11'9 

Albuminoids 

Starch,  etc.,  by  difference  .     73-3 

Oil      ..'....  .0-8 

Fibre.          .  -                           -2'1 

Ash     .          .  -        -'•! 

Nutrient-ratio      ......  .  1  :  7'G 

Xutrient- value    .....  . 

The  albuminoids  were  calculated  from  the  total  nitrogen  (1'56  per- 
cent. >,  for  a  very  small  amount  of  this  element  existed  in  other  combin- 
ations. The  percentage  is  about  2  per  cent,  above  that  present  iu 
average  Indian  "cleaned ''  rices,  and  is  even  higher  than  that  of  Burmese 
black  rice — the  richest  in  that  constituent  which  has  yet  been  examined. 
The  mineral  matter,  which  can  hardly  be  adventitious,  is  thrice  as 
much  as  is  usual  in  "cleaned"  rice.  The  presence  of  the  pericarp 
naturally  raises  the  fibre  somewhat.  The  nutrient-ratio  is  a  very 
satisfactory  one,  while  the  nutrient-value,  or  sum  total  in  100  parts 
of  the  several  nutrients,  represents  a  good  food. 

Ragi  Tailings. 

This  enquiry  into  the  nutritive  value  of  Kagi  Tailings,  which  are 
composed  of  the  seed-coats  of  the  grain,  originated  in  the  following 
letter  from  A.  F.  Cardew,  Esq.,  I.C.S.,  the  Inspector-General  of 
Prisons,  Madras : — 

1.  "In  the  jails  of  the  Madras  Presidency  the  prisoners  are  mainly 
fed  on  Kagi  (Ele'.i.s(n€  t  '.iaertn.),  ground  into  flour  and  boiled 
into  a  pudding  about  the  consistency  of  blanc-mange.      A  question 
which  is  constantly  arising  is   as  to  the  amount  of  nutrition  which  is 
furnished  by  the  outer  skin  or  rind  of  the  grain,  not  the  husk  or 
floral  envelope,  which  is,  of  course,  rejected,  but  the  red  or  black  skin 
which  forms  the  outermost  layer  of  the  grain  itself.     It  is  generally 
accepted  that  this  skin  or  rind  is  difficult  of  digestion,  and  that  it 
requires  to  be  ground  as  fine  as  possible,  but  while  some  jail-officers 
believe  that  this  outer  rind  contains  salts  which  are  of  special  value  as 
part  of  the  food,  others  contend  that  the  rind  is  almost  entirely  innu- 
tritious,  except  for  the  particles  of  starch  which  must  adhere  to  it  even 
after  the  most  thorough  grinding. 

2.  I  have  the  honour  to  enquire  whether  you  can  refer  me  to  any 
writings  possessing  undoubted  authority  which  bear  on  or  decide  this 
question  ?     If  there  are  no  analyses  made  by  analysts  of  repute,  on  the 
constituents  of  the  outer  coat  of    Ragi,  the  analogy  of    other  grains 
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might  be  of  value,  and  I  would  enquire  whether,  according  to  prevailing 
scientific  opinion,  the  outer  coat  of  wheat  (that  which  gives  its  colour 
to  brown  and  black  bread)  is  held  to  be  at  all  nutritious,  and  if  at  all, 
to  what  extent  as  compared  with  the  flour  composing  the  heart  of  the 
grain. 

3.  Lastly,  I  beg  to  ask  whether,  if  no  authoritative  analyses  of 
Ragi  have  been  made,  you  could  arrange  for  their  being  carried  out 
either  in  India  or  in  Europe,  or  both.  The  question  is  one  of  great 
practical  importance.  In  this  Presidency,  with  a  daily  average  popula- 
tion of  from  9000  to  10,000  prisoners,  each  receiving  1J  Ib.  of  Ragi^.w 
diem,  the  value  of  the  rind  or  '  tailings '  of  Ragi  amounts  to  a  large 
sum  annually.  If  this  rind  is  absolutely  innutritious,  it  should  not  be 
issued  to  convicts,  for  it  undoubtedly  shows  little  apparent  yielding  to 
the  processes  of  cooking,  and  passes  from  the  bowels  but  little  modified 
in  appearance.  If,  on  the  other  hand,  it  does  contain  nutriment  it 
ought  not  to  be  rejected,  for  its  rejection  would  involve  considerable 
annual  outlay." 

These  questions  were  referred  to  Professor  Church,  who  furnished 
the  following  report : — 

1.  "The  coarser  products  obtained  in  milling  wheat  vary  greatly  in 
nutritious  properties  according  to  the  mechanical  process  adopted  for 
their  production  and  separation.      Those  commonly    known    here  as 
pollard  and  bran  contain  about  10  per  cent,  of  indigestible  fibre,  but 
this  is  associated  with  more  fat,  more  nitrogenous  matter  and  more 
phosphates  than  are  present  in  the  various  grades  of  flour.    On  the 
other  hand,  these  valuable  nutrients  are  in  a  great  measure  inaccessible 
to  the  digestive  juices.     This   is  the   case   for   two   reasons ;  firstly, 
because  these  coarser  mill-products  are  hurried  through  the  digestive 
tract  owing  to  their  irritating  character  •  secondly,  because  they  con- 
tain a  large  proportion  of  their  nutritious  constituents  locked  up  in 
the  woody  fibre. 

2.  The  defects   of   pollard  and  bran,   pointed  out  above,   may  be 
partially  obviated  by  re-grinding  these  products,  so  as  to  reduce  them 
to  the  fineness  of  'middlings'  and  'sharps.'     Some  particulars  as  to 
these  mill-products  from  wheat  will  be  found  discussed  in  Professor 
Church's  South  Kensington  Museum  Manual  on  '  Food,'  pages  65-79 
(last  edition),  and  much  more  briefly  in  his  Food  Grains  of  India, 
pages  95,  96. 

3.  Without  an  examination  of  a  typical  sample  of  the  coarser  mill- 
products  from  Indian  wheat  which  it  is  proposed  to  use  in  prison 
dietaries,  it  would  be  impossible  to  compare  its  available  nutriment 

•  with  that  in  true  flour.  Chemical  analysis,  without  actual  trial  of 
digestibility,  does  not  furnish  a  complete  answer.  Professor  Church 
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knows  of  one  case  where  wheat  'offal,'  after  being  re-ground,  gave 
the  ratio  of  77  to  100  when  compared  with  wheat  flour.  Here  the 
quantity  of  undigested  nutritive  materials  in  the  ejecta  was  determined." 
Three  samples  of  Ragi  Tailings  were  afterwards  forwarded  to  the 
Imperial  Institute  for  chemical  examination,  and  the  results  obtained 
by  Professor  Church  are  given  in  the  following  table  : — 

I.  II.  III. 

Water 11-6  11-6  11"2 

Albuminoids  (from  total  nitrogen)  .       8-2  9-5  8'2 

Starch,  etc.  (by  difference)     .         .     71  "2  687  71  '8 

Oil        .  ....       1-1  2-0  1-7 

Fibre    .  .....       4-2  4-7  3'8 

Ash      ....*..       3-7  3-5  3-3 

Albuminoids  by  phenol  method      .       8-1  8'3  8*1 

Nutrient-ratio        .         .         .         .1:9  1:7'6  1  : 9'2 

Xutrieut-value       .         ...     81  81  83 

Sample  I. — Ragi  that  has  been  ground  once  and  sifted  once  through  a 

coarse  wire-gauze  sieve. 
Sample  II. — Ragi  that  has  been  ground  twice  and  sifted  first  through  a 

coarse  wire-gauze  sieve,  and  secondly,  through  a  fine  wire-gauze  sieve. 
Sample  III. — Ragi  that  has  been  ground  twice  and  sifted  twice  through 

a  fine  wire-gauze  sieve. 

The  three  samples  are  obviously  very  much  alike,  though  Xo.  II.  is 
richer  in  albuminoids  (i.e.  "flesh-formers")  than  the  others,  and  con- 
sequently shows  a  more  favourable  "nutrient-ratio,"  that  is,  a  better 
proportion  of  flesh-forming  to  heat  and  energy-giving  constituents. 
Even  in  the  case  of  Xo.  II.  a  small  addition  of  pulse  is  desirable. 

In  Church's  Food  Grains  of  India  will  be  found  analyses  of  whole 
and  husked  grain  of  Ragi  (Eleusine  coracana).  There  is  also  an  ana- 
lysis by  Dr.  McXally  in  the  Government  of  Madras  Paper,  Xo.  415, 
These  older  results  do  not  diverge  very  widely  from  those  now 
obtained  with  Ragi  Tailings.  It  must  be  confessed,  however,  that  the 
figures  110  \v  reported,  so  far  as  the  proportions  of  indigestible  fibre  are 
concerned,  are  unexpected.  It  was  thought  likely,  from  the  appear- 
ance of  the  samples,  that  they  would  show  a  much  higher  percentage 
of  this  non-nutritious  constituent  than  4  or  5.  But  it  must  be  borne 
in  mind  that  the  chemical  method  of  treatment  (with  acid  and  alkali) 
used  in  determining  fibre  is  a  very  drastic  one,  by  no  means  equivalent 
to  the  action  of  the  digestive  juices,  but  greatly  exceeding  it.  Two 
other  considerations  must  also  be  kept  in  view.  The  fibre  of  these 
grains  undoubtedly  serves  to  lock  up,  and  so  to  render  unavailable  a 
part  of  the  albuminoids,  a  part  of  the  oil  or  fat,  and  a  part  of  the 

I.  R 
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mineral  matter  present  in  these  tailings.  Again,  the  coarseness  an.l 
roughness  of  the  seed-coat  of  this  millet  cause  this  food-stuff  to  be 
hurried  through  the  intestinal  tract  at  sucli  a  rate  that  much  of  the 
nutrient  matter,  which  might  otherwise  be  absorbed,  escapes  digestion 
and  assimilation,  and  is  lost  in  the  fieces.  For  these  reasons  the 
chemical  figures  given  convey  a  physiological  impression  of  nutritive 
value  greater  than  that  which  such  a  food-stuff  as  this  really  possesses 
in  alimentation.  An  experiment  in  artificial  gastric  and  pancreatic 
digestion,  tried  with  sample  No.  III.,  demonstrates  this  conclusion ; 
but  one  cannot,  in  the  laboratory  and  without  actual  feeding  trials, 
complete  the  necessary  correction,  by  ascertaining  what  proportions 
of  the  several  nutrients  will  in  practice  escape  digestion,  in  consequence 
of  the  too-brief  sojourn  of  the  food-stuff  in  'the  intestines.  It  is  to  be 
regretted  that  data  enabling  one  to  make  a  definite  statement  on  this 
point  is  not  available. 

In  conclusion,  the  Inspector-General  of  Prisons,  Madras,  may  be 
referred  to  the  observations  and  tables  relating  to  Dietaries  and  Rations 
to  be  found  on  pages  16-30  of  Food  Grains  of  India. 

Memorandum  on  Grading  Wheat, 

This  memorandum  was  drawn  up  in  reply  to  an  enquiry  received 
from  Ottawa  asking  for  the  latest  information  concerning  the  analysis 
of  wheat  in  buying,  grading,  and  in  mixing  different  grades  in  order 
to  produce  uniformity  in  flour.  An  expert  on  this  subject  has  been 
consulted,  and  states  that  no  very  elaborate  chemical  analyses  of 
wheat  are  made  on  the  Continent  for  purposes  of  grading  and  mixing, 
and  whatever  is  done  is  more  or  less  a  secret,  as  to  which  very  little 
is  generally  known.  It  is,  however,  certain  that  the  principal  tests 
employed  for  this  purpose  are,  in  the  case  of  grains  : — (1)  The  deter- 
mination of  moisture  by  the  usual  methods ;  (2)  the  determination  of 
gluten  in  the  wheat  ground  to  a  fine  meal,  the  gluten  being  washed 
out  and  dried  in  the  usual  manner.  The  yield  of  flour  is  also  ascer- 
tained, and  it  is  examined  as  to  its  freedom  from  particles  of  bran. 
With  reference  to  the  flour,  the  larger  mills  are  frequently  provided 
with  an  experimental  grinding  and  dressing  plant  in  which  a  small 
quantity  of  wheat  is  reduced  to  flour.  The  flour  thus  produced  is 
examined  for  water,  gluten,  absorbent  power,  and  colour,  by  the  well- 
known  Pekar's  test.  From  the  flour  small  loaves  are  made  under 
suitable  conditions,  100  grams  of  flour  being  taken  for  the  test. 
Volume,  colour,  flavour,  and  other  characters  of  the  bread  are  noted, 
and  from  these  observations  the  nature  of  the  wheat  is  inferred,  and 
the  grade  thus  determined  and  used  as  a  guide  in  mixing. 

September,  1898. 
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COLONIAL   TIMBERS. 

THESE  investigations  of  the  mechanical  properties  of  new  or  little 
known  Colonial  timbers  have  been  carried  out  for  the  Department  by 
Prof.  W.  C.  Unwin,  F.R.S.,  of  the  Central  Technical  College,  with  the 
view  of  determining  which  of  the  many  valuable  timbers  furnished  by 
the  Colonies  are  suitable  for  export,  and  likely  to  find  industrial 
application.  In  addition  to  the  mechanical  tests,  the  practical  working 
of  the  timbers  has  been  tried  in  many  cases  by  Mr.  Allan  Ransome  or 
Mr.  Herbert  Stone,  and  their  reports  are  appended  to  the  summaries  of 
the  mechanical  properties  of  the  timbers. 

The  timbers  which  have  been  tested  are  grouped  geographically 
in  the  following  reports,  and  the  values  for  the  various  mechanical 
constants  are  given  in  tabular  form.  The  data,  from  which  these 
constants  have  been  calculated,  have  been  already  published  in  the 
Imperial  Institui"  JnarmiJ,  the  volumes  of  which  should  be  consulted 
for  full  information  regarding  the  conditions  and  results  of  the 
experiments.  The  precise  meaning  of  each  constant  may  be  better 
understood  if  the  method  of  making  the  tests  and  the  relation  of  these 
to  the  qualities  of  the  timber  be  described. 

I.  Density. — The  density  was  determined  by  using  the  prisms  prepared 
for  the  compression  tests.     Generally  the  volume  was  determined  in 
two  ways,  (a)  by  careful  measurement  with  vernier  calipers ;  (b)  by 
weighing  the  water  displaced  by  the  block.     The  two  methods  gave 
nearly  identical  results.     The  block  was  also  weighed  and  the  density 
is  given  in  Ib.  per  cubic  foot. 

II.  Transverse  Strength. — Rectangular  bars  as  free  from  defects  as 
possible  were  prepared,  usually  about  3i"  x  3i"  x  48".     These  were 
supported  at  the  ends  and  loaded  at  the  centre  in  the  testing  machine. 
The  deflections  for  equal  increments  of  load  were  observed,  and  the 
load  at  which  the  bar  brok^e.     The  coefficient  of  transverse  strength 
is  the  value  of/*  in  the  equation 

1  EL 

*  '2     b,  d'2 

where  W  is  the  breaking  load,  1  the  span,  b  the  width,  and  d  the  depth 
of  the  bar.  The  coefficient  of  elasticity  is  calculated  for  the  greatest 
range  of  stress,  for  which  the  deflections  were  nearly  proportional  to 
the  loads. 

III.  Crushing  Strength. — Prisms  of  the  timber  about  3|"  x  3A"  x  7" 
were  prepared  and  loaded  in  the  testing  machine  till  they  gave  way 
by  shearing  at  an  inclined  plane  or  splitting.     The  crushing  strength 
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is  the  load  at  which  they  gave  way,  reckoned  per  square  inch  of  the 
transverse  section. 

IY.  Shearing  Strength. — As  timber  is  often  used  so  as  to  be  subjected 
to  a  shear  along  the  fibres  it  was  thought  desirable  to  make  shearing 
tests.  A  special  form  of  shackle  was  designed  in  which  a  plane 
section  about  3^"  x  3^"  of  timber  was  subjected  to  simple  shearing 
stress.  The  shearing  strength  is  reckoned  per  square  inch  of  the 
section  sheared. 

V.  Wetness. — In  some  cases  the  timbers  sent  for  examination  were 
very  wet  and  had  to  be  stored  for  a  time,  in  order  that  they  might  lose 
some  of  their  moisture.  The  amount  of  water  present  was  determined 
by  drilling  out  a  small  quantity  of  shavings,  which  were  weighed,  then 
dried  at  100°  C.  and  weighed  again.  From  the  loss  of  weight,  the 
percentage  of  water  present  was  calculated. 

In  general  it  may  be  said  that  the  strength  of  a  timber  ought  to 
increase  with  its  density,  so  that  the  comparison  of  the  density, 
transverse  strength  and  resistance  to  crushing  of  these  timbers  will 
give  a  clear  idea  of  their  general  value. 

In  cases  where  the  trees  yielding  the  timbers  are  fairly  well  known, 
a  short  summary  of  the  available  information  is  given. 

TIMBERS  (CEYLON). 

A  collection  of  the  principal  timbers  of  Ceylon  having  been  forwarded 
to  the  Imperial  Institute  by  the  Government  of  the  Colony,  the 
specimens  have  been  submitted  to  mechanical  tests  and  practical  trials 
with  the  view  of  determining  their  qualities  and  of  indicating  those 
which  would  be  suitable  for  export  to  this  country.  The  specimens, 
twenty-two  in  number,  were  as  follows  : — 

1.  Sapu.  9.  Ubberiya.  17.  Suriya. 

2.  Panaka.  10.  Tawenna.  18.  Jak. 

3.  Gurukina.  11.  Dawata.  19.  Del. 

4.  Vinanku.  12.  Margosa.     «  20.  Halmilla. 

5.  Satinwood.  13.  Lunumidella.  21.  Suriya  Mara. 

6.  Milla.  14.  Walukina.  22.  Nedun. 

7.  Ilanthai.  15.  Ranai. 

8.  Mendora.  16.  Chomuntiri. 

Characters  and   Working  Qualities. 

The  necessary  trials  for  determining  the  working  qualities  of  the 
timbers  have  been  conducted  by  Mr.  Herbert  Stone,  and  the  following 
report,  prepared  by  him,  gives  the  results  of  these  practical  tests  in 
addition  to  a  general  description  of  the  specimens  : — 
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••  In  presenting  this  report  upon  the  specimens  of  Singalese  timbers 
which  have  been  submitted  to  me,  I  have  to  offer  a  few  preliminary  re- 
marks upon  the  conditions  necessary  for  putting  new  varieties  of  timber 
upon  the  English  market.  It  must  be  borne  in  mind  that  the  bulk  of 
our  timber  trade  is  limited  to  but  few  kinds,  which  every  manufacturer 
keeps  in  stock.  Beyond  these  favourite  woods  there  are  many  varieties 
having  a  more  restricted  sale,  which  are  used  for  special  purposes.  It 
is  obviously  more  to  the  interest  of  every  trader  to  limit  his  purchases 
to  a  few  kinds  of  wood  which  he  can  stock  largely,  and  thus  buy  to 
better  advantage,  than  to  use  a  number  which  must  be  purchased  in 
smaller  lots.  This  makes  the  introduction  of  novelties  in  timber  a  task 
which  becomes  harder  as  the  variety  increases,  and  fresh  arrivals  will 
stand  little  chance  of  obtaining  a  footing  unless  they  exhibit  striking 
differences  in  colour,  or  peculiar  merits  in  other  directions.  Such 
woods  may,  with  the  help  of  assiduous  advertisement,  slowly  take  their 
place  in  the  list  of  commercial  timbers,  but  all  those  which  are  inferior 
to,  or  merely  as  good  as,  those  with  which  we  are  already  familiar  stand 
little  or  no  chance  of  sale.  From  this  category  must  be  excepted  those 
resembling  in  some  way  our  staple  timbers,  and  which  will  pass  under 
the  same  names.  There  are  three  examples  to  the  point  amongst  these 
Singalese  woods ;  Suriya  rnara  would  sell  as  rosewood  of  inferior 
quality;  Halmilla  as  sat  in  wood,  and  Lunumidella  as  a  cedar  or  mahogany, 
and  if  imported  as  '  Ceylon  rosewood,'  '  Ceylon  satin  wood,'  and 
'  Ceylon  cedar,'  would  readily  be  bought  on  trial,  and  probably  adopted 
for  many  purposes.  There  would  be  no  deception  in  this  procedure,  as 
the  numerous  cedars,  mahoganies,  and  ebonies  which  are  now  continually 
sold  are  a  congeries  of  miscellaneous  species  belonging  to  various  genera, 
and  in  many  cases  to  entirely  different  natural  orders,  whose  sole  claim 
to  their  trade  names  is  their  resemblance  to  better-known  woods  in 
colour  and  grain.  Unless  this  plan  l>e  adopted,  there  is  only  one  out 
of  the  twenty-two  species  of  Ceylon  woods  which  can  hope  to  gain  a 
footing  here. 

Another  point  of  scarcely  less  importance  is  the  condition  in  which 
the  logs  are  sent  to  the  British  market.  With  few  exceptions  those 
received  were  in  unmarketable  condition,  being  cracked  (shaken)  and 
split  past  all  hope  of  making  anything  of  them,  and  it  was  with  the 
greatest  difficulty  that  a  plank  sufficiently  wide  and  presentable  for 
exhibition  purposes  could  be  obtained  from  them.  A  few  of  the  logs 
were  tainted  with  the  mycelium  of  a  fungus  in  addition  to  being  other- 
wise in  bad  condition,  but  this  may  be  ignored,  as  the  fungus  was  one 
frequently  met  with  at  home,  which  may  have  attacked  the  logs  since 
their  arrival  in  this  country. 

For  the  purpose  of  dealing  with  the  individual  characters  of   the 
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specimens,  they  -will  be  taken  in  this  report  in  the  order  indicated  by 
the  Imperial  Institute  numbers.  It  should  be  stated  that  the  weight 
per  cubic  foot  is  a  very  variable  item,  different  figures  being  obtainable 
by  experimenting  with  samples  from  different  parts  of  the  same  log. 
The  tests  to  which  the  timbers  were  submitted  were  carried  out  with 
tools  such  as  are  found  in  most  woodworking  establishments,  namely, 
cross-cut  and  circular  saws,  hand-planing  machine,  hand-turning  lathe 
and  hand-slide  turning  machine  (running  at  6000  revolutions  per  minute). 
The  turned  specimens  were  polished  upon  the  lathe,  and  the  planks  by 
hand,  by  the  ordinary  French-polishing  method.  The  polish  used  was 
colourless  and  transparent. 

No.  1.  Sapu  or  Champaca  (Michelia  Champaca,  Linn.). — '  Champa- 
kamu '  would  appear  to  be  the  more  correct  Singalese  name,  as 
Champaca  is  the  Sanscrit  name  of  this  tree.  It  is  a  large  evergreen 
of  the  Magnolia  family  (Magnoliacece),  and  is  found  in  Ceylon  from 
Ravi  southwards  in  cultivation — not  wild  (Thwaites).  It  is  related  to 
Michelia  Doltsopa,  which  is  one  of  the  finest  timbers  in  Nepal ;  but  if 
the  log  received  be  a  fair  sample,  it  must  be  far  inferior  in  quality. 
The  log,  which  was  39  inches  in  girth,  was  covered  with  a  curious 
crumbling  smooth  bark  about  half-an-inch  thick.  It  was  cracked  and 
badly  tainted,  even  rotten  in  places.  It  cut  up  fairly  easily  except 
where  knots  were  encountered,  at  which  places  it  offered  unusual  resist- 
ance to  the  saw.  The  heartwood  proved  to  be  8  inches  in  diameter  out 
of  13  inches,  and  resembled  English  walnut.  It  was  blotched  here  and 
there  with  purple  and  many  shades  of  brown,  which  appears  ascribable 
to  incipient  decay.  The  heartwood  bears  too  small  a  proportion  to 
the  sapwood  to  be  of  much  use,  and  only  large  logs  from  which  the 
sapwood  can  be  hewn  before  shipment  would  be  marketable,  on  account 
of  the  cost  of  carriage  of  the  useless  sapwood.  When  planed  by 
machine  the  wood  works  readily  and  fast,  a  smooth  surface  being  left 
from  the  cutters.  When  turned  by  hand  it  comes  off  in  small  chips 
and  behaves  much  like  dry  mahogany.  It  has  then  a  poor  rough 
surface,  and  is  of  no  use  in  this  condition,  and  the  same  may  be  said  of 
it  when  turned  by  machine.  It  is  also  brittle,  breaking  up  at  the  ends, 
and  the  steel  centre  sinks  deeply  into  it,  although  it  does  not  burn  with 
the  friction  against  it.  It  planes  cleanly,  producing  boards  of  close 
grain  and  good  finish  except  where  knots  are  met  with. 

This  wood  gives  off  an  aroma  during  sawing  like  that  of  Japanese 
joss-sticks,  due  to  the  benzoic  acid  in  the  wood.  When  cross-cut  it  has 
a  very  ragged  surface.  It  polishes  indifferently,  being  highly  absorbent, 
and  in  appearance  is  a  poor-looking  wood  of  no  ornamental  value.  Watt 
(Dictionary  of  Economic  Products  of  India)  says  'the  wood  is  soft  and 
weighs  37  to  42  Ib.  per  cubic  foot.  It  is  very  durable,  and  a  specimen 
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cut  by  Griffiths  in  Calcutta  in  1836  was,  in  1891,  still  as  sound  as 
when  freshly  cut.'  Professor  Unwin  gives  the  weight  per  cubic  foot 
as  4141  lb.,  which  works  out  approximately  at  55  cubic  feet 
per  ton. 

N  .  2.  Panaka  (PhurostyUa  Wightii,  W.  et  A.). — A  large  tree 
belonging  to  the  Spindle  tree  family  (Celastcacec*),  growing  in  the  drier 
parts  of  Ceylon ;  probably  not  abundant,  as  it  is  not  mentioned  by 
Watt  in  his  Dictionary.  Its  wood  is  hard,  something  like  West  Indian 
boxwood  in  the  grain,  but  of  a  reddish  colour,  running  to  brown  in  the 
heart,  accompanied  by  black  streaks  where  cracked.  The  specimens 
opened  badly,  with  heart  cracks.  This  wood  is  hard  to  saw,  but  not 
particularly  troublesome,  saving  the  presence  of  choking  clouds  of  sandy 
dust  and  a  powerful  smell  recalling  carbolic  acid.  It  will  not  plane,  as 
it  rips  and  crumbles,  and  requires  the  utmost  care;  it  can  only  be 
smoothed  with  the  hand  plane.  Contrary  to  what  one  would  expect 
from  this,  it  turns  very  well  and  smoothly  by  hand  or  machine,  and 
polishes  with  ease  and  fine  finish,  exhibiting  a  delicate  figure  of  pleasing 
appearance.  Weight  54-86  lb.  per  cubic  foot  (Unwin),  or  about  43 
cubic  feet  per  ton. 

Xo.  3.  Gurukina  (CalophyUnm  Bii.rmanni,  Roxb.). — A  tree  of  the 
Gamboge  family  (Gut(iferce).  The  specimen  log  was  the  same  size  as 
Xo.  1,  viz.  39  inches  in  girth.  It  was  badly  split,  almost,  it  might 
be  said,  shattered,  the  cracks  penetrating  to  the  centre.  The  bark 
resembles  that  of  English  oak,  with  the  addition  of  a  leathery  tegument. 
The  fibrous  bast  within  has  a  strong  resemblance  to  hay.  The  wood 
saws  much  harder  than  one  would  anticipate  from  the  appearance  of 
the  grain,  and  resembles  Australian  ironbark  in  this  respect.  Apart 
from  the  cracks  the  wood  was  nice  and  sound.  The  heartwood  measured 
9  inches  out  of  13  inches  diameter,  with  a  grain  and  colour  like  plain 
mahogany,  for  an  inferior  quality  of  which  it  might  pass.  It  turns 
very  hard  by  hand,  the  chips  being  small,  and  acquires  a  poor  surface 
with  an  open  grain.  By  machine  it  turns  fairly  well,  it  is  not  particu- 
larly brittle,  and  the  centre  neither  sinks  in  nor  burns  the  wood. 
Upon  the  planiug-machine  it  works  very  slowly,  leaving  a  smooth 
surface  in  places,  but  the  grain  picks  up  in  the  soft  parts  in  tiny  flakes 
which  make  finishing  very  troublesome.  It  resembles  teak  in  this 
feature.  With  a  panel  planer  or  roller-feed  planer  a  better  result 
might  be  obtained,  as  it  is  difficult  to  keep  down  on  the  cutters  on 
account  of  its  hardness.  It  takes  a  good  polish,  but  then  loses  its 
colour  and  becomes  indistinguishable  from  its  far  less  striking  relative 
CcUophyUtem  brai^o.tum  (Xo.  14),  notwithstanding  the  dissimilarity 
which  exists  between  them  in  the  unpolished  state.  As  Watt  does 
not  mention  this  tree  it  may  be  concluded  that  it  Is  neither  widely 
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distributed  nor  abundant  in  India.     Weight  per  cubic  foot  62-62  Ib. 
( CJnwin),  or  about  38|  cubic  feet  to  the  ton. 

No.  4.  Vinanku — marked  Vincol  on  the  log  sent—(Pterospcrr>mm 
suberifolium). — The  sample  is  a  nicely-figured  log  of  large  size,  but  I 
imagine  that  this  figure  is  due  to  exceptional  conditions  of  growth,  and 
that  figured  logs  could  not  always  be  expected.  If  so,  the  wood  has  no 
decorative  value,  as  the  straight  parts  of  the  grain  are  very  plain.  It 
cuts  up  with  ease  and  planes  readily,  but  for  turning  it  is  dusty,  brittle 
and  crumbling.  A  smooth  surface  is  very  difficult  to  obtain.  When 
polished  (a  difficult  operation),  it  assumes  an  indifferent  brown  colour. 
Weight  40*41  Ib.  per  cubic  foot  (Unwin),  or  about  58-3  cubic  feet 
per  ton. 

No.  5.  Satinwood  (Chloroxylon  Swietenia,  D.C.). — A  moderate-sized 
tree  of  the  Mahogany  family  (Afeliacece)  growing  abundantly  in  Central 
and  Southern  India,  the  Deccan,  Ceylon  and  Coromandel.  This  is  so 
well  known  in  England  that  it  is  almost  superfluous  to  enter  into 
detail  concerning  it,  unless  the  sample  planks  are  more  characteristic  of 
the  Ceylon-grown  Satinwood  than  the  East  India  Satinwood  generally. 

There  were  three  planks  of  this  species.  Two  were  of  a  bright 
canary-yellow  colour  with  the  characteristic  smell  of  cocoanut  when 
being  sawn,  sound  and  in  good  condition ;  the  third,  a  badly-shattered 
plank,  was  rich  yellow  in  colour  and  had  a  less  agreeable  smell. 
Although  there  was  no  other  evidence  of  decay  I  conclude  that  this 
latter  plank  was  partly  gone.  All  three  planks  cut  up  readily  and  well 
with  the  saw,  but  planed  execrably,  worse  even  than  Del  (No.  19),  the 
soft  bands  being  very  broad  and  rough.  It  yielded,  however,  to  glass- 
paper,  and  smoothed  fairly  well.  The  wood  turned  very  well  indeed 
by  hand  and  machine,  and  took  an  excellent  polish  without  trouble. 
Compared  with  the  Satin  woods  commonly  met  with  here,  these  samples 
are  decidedly  inferior  to  either  the  East  India  (as  commonly  known) 
or  Tamil  Satinwood,  having  none  of  the  beautiful  mottle  or  fire  of 
these,  but  it  is  very  much  like  the  West  India  wood.  According  to 
Watt  it  is  very  durable  and  stands  well  under  water.  The  Peradeniya 
bridge  in  Ceylon,  which  has  a  single  span  of  205  feet,  is  made  of  this 
wood.  Weight  64-32  Ib.  per  cubic  foot  (Unwin). 

No.  6.  Milla  (Vitex  altissima,  Linn.). — A  large  tree  of  the  natural 
order  Verbenacece,  found  in  various  parts  of  Southern  India,  Bengal 
and  Ceylon.  The  sample  log  was  of  an  irregular  shape,  having  buttress- 
like  outgrowths  running  up  from  the  roots.  Girthed  at  its  medium 
diameter  it  measured  about  43  inches.  No  bark  was  present,  the  surface 
of  the  log  being  of  a  dirty  olive-brown  colour.  The  heartwood  measured 
10  inches  diameter,  and  is  of  a  greyish  colour  with  a  suggestion  of  olive  ; 
it  fades  away  into  the  sapwood  without  any  definite  line  of  separation. 
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It  has  a  slight  resemblance  to  old  lancewood  in  the  transverse  section 
and  to  lignum  vit^  in  the  plank.  It  is  a  dense  sound  wood,  in  no  way 
ornamental,  and  its  advantageous  application  to  any  purpose  is  difficult 
to  suggest.  It  dries  very  slowly,  the  specimen  when  opened  being  quite 
wet.  The  sawdust  has  a  slightly  pungent  taste.  Though  badly  cracked 
in  the  sapwood  the  heart  was  sound  until  the  centre  was  reached,  where 
there  was  decay.  This  suggests  a  tendency  to  rot  in  the  line  of  the 
pith,  a  very  serious  defect.  This  wood  is  not  suitable  for  planing, 
being  too  hard  and  difficult  to  smooth,  as  it  tears  up  in  patches.  It  is 
scarcely  more  suitable  for  turnery,  being  hard  and  troublesome  to  work. 
It  leaves  the  tool  in  dusty  shavings,  recalling  those  of  Macassar  ebony, 
but  the  work  cannot  be  got  so  smooth.  The  same  remark  applies  to  its 
behaviour  in  the  machine;  it  proves  to  be  brittle  and  tends  to  split, 
while  the  centre  sinks  in  the  wood  and  burns.  Beddows,  quoted  by 
Watt,  appears  to  hold  a  high  opinion  of  Milla  (as  also  does  Thwaites). 
He  says  it  does  not  split  nor  warp  and  is  worthy  of  attention.  Milla 
takes  an  indifferent  polish  and  has  a  rather  unattractive  colour.  It  is 
highly  absorbent,  which  property,  however,  diminishes  towards  the 
centre  of  the  log.  The  weight  is  60-92  Ib.  per  cubic  foot  (Unwin),  or 
about  39-4  cubic  feet  per  ton.  Gamble  puts  it  at  50-53  Ib.  per  cubic 
foot,  and  Skinner  at  63  Ib. 

Xo.  7.  Ilanthai  (Zhyphus  Jujnhn,  W. ).— A  large  tree  of  the  Black- 
thorn family  (Rkmnnaeoafy.  It  is  called  also  the  Jujube  tree,  Dorn- 
kirsche,  Pommier  d'lnde,  and  Chinese  date.  Watt's  description  of  the 
wood  does  not  tally  with  this  log.  He  says  it  is  "  hard,  reddish,  no 
heartwood,  fine  and  close  grained,  strong,"  whereas  the  sample,  though 
hard,  is  light  brown,  without  a  suggestion  of  red  except  along  the 
cracks,  and  with  a  rather  coarse  open  grain.  Notwithstanding  its 
hardness  it  cuts  up  very  easily  with  the  saw,  offering  no  more  resistance 
than  sycamore.  It  is  troublesome  to  plane  and  cannot  be  got  smooth  : 
it  is  equally  bad  to  turn  by  hand,  being  hard  and  brittle,  but  finishes 
comparatively  smoothly  ;  by  machine  it  is  unsatisfactory  and  rough. 
It  polishes  with  difficulty.  Weight  48-87  Ib.  per  cubic  foot  (Unwin ), 
or  about  49  cubic  feet  per  ton. 

Xo.  8.  Mendora  (Vatiw  atfinis.  Taw..  >-.  Boasbwrghienn»\ — A  very 
large  tree  of  the  Lime-tree  family  (Tiliacew),  found  in  the  Western 
Peninsula  of  India  from  Cornan  southwards,  and  in  Ceylon.  It  is 
little  known  and  probably  not  abundant.  If  the  log  received  is  a  fail- 
sample  it  is  a  very  remarkable  tree,  as  the  sapwood  is  dark  brown 
inclined  to  grey,  while  the  heartwood  is  white,  thus  reversing  the  usual 
order.  It  i.s  not  very  ornamental,  being  plain  and  dingy,  and  the  white 
heart  spoils  it  entirely.  The  latter  defect  may  be  pathological,  if  not, 
it  is  fatal  to  its  use  here.  This  wood  cuts  up  very  hard  with  the  saw 
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and  smells  like  cedar  during  working  ;  the  drops  of  hard  resin  which 
are  met  with  here  and  there  render  it  bad  to  plane.  It  is  crumbling, 
brittle  and  dusty,  and  of  no  use  for  turnery,  but  is  capable  of  taking  a 
good  finish  with  care.  Weight  59-70  Ib.  per  cubic  foot  (Unwin),  or 
about  39  cubic  feet  per  ton. 

No.  9.  Ubberiya  (CaralHa  calycina,  Benth.). — A  large  tree  of  the 
Mangrove  family  (fthizophoracece)  growing  in  the  Singh  Rajah  Forest 
and  Central  Province  of  Ceylon.  This  wood  is  the  most  beautiful 
of  the  series,  remarkably  resembling  the  finest  wainscot  oak  in  every 
direction  of  the  grain.  Apart  from  its  reddish  tinge,  there  are  very 
few  persons,  even  in  the  trade,  who  would  not  pronounce  the  wood  to 
be  oak.  Unfortunately  it  does  not  possess  the  property  of  darkening 
with  age,  and  is  almost  unaffected  by  ammonia  vapour.  It  offers  about 
the  same  resistance  to  the  saw  as  oak,  and  emits  a  pungent  vinegar-like 
odour.  It  planes  easily,  well  and  smoothly,  and  is  workable  without 
trouble  in  all  ways  except  on  the  lathe,  where,  on  account  of  its  brittle- 
ness,  there  is  much  waste.  It  hardly  stands  the  point  of  the  bit  and 
flies  into  fragments  in  the  machine,  but  takes  a  beautiful  finish.  Un- 
fortunately it  does  not  preserve  its  colour  when  polished,  and  assumes 
the  same  brownish  colour  as  most  pink  and  light  red  woods.  Weight 
56 -71  Ib.  per  cubic  foot  (Unwin),  or  about  42|  cubic  feet  to  the  ton. 
It  is  not  mentioned  by  Watt,  and  therefore  is  probably  scarce. 

No.  10.  Tawenna  (Dichopsis  petiolaris,  Thw.). — A  large  tree  belong- 
ing to  the  natural  order  Sapotacew,  growing  in  the  Hinidoon  and 
Reigain  Corles  in  Ceylon,  probably  a  local  and  not  very  abundant 
tree.  It  is  not  mentioned  by  Watt.  The  wood  is  straight-grained 
and  nicely  figured,  but  possesses  the  fugitive  pink  colour  towards  the 
heart.  The  figure  is  not  curly,  but  broad  like  that  of  deal,  which, 
being  due  to  the  breadth  of  the  annual  rings,  becomes  more  marked  in 
the  outside  planks.  It  cuts  up  with  ease,  planes  fairly  well,  but  has  a 
common  look  when  finished.  It  turns  well,  although  as  hard  as  box- 
wood, and  takes  a  smooth  surface  without  glass-papering,  and  polishes 
well,  a  glossy  surface  on  the  end  of  the  grain  being  easily  obtained. 
Weight  46-11  Ib.  per  cubic  foot,  or  about  52  cubic  feet  per  ton. 

No.  11.  Dawata  (Carallia  integerrima,  D.  C.). — An  evergreen  tree 
with  a  grey  bark,  of  the  Mangrove  tribe  (Rhizoj)horaceoe\  found  in  the 
moist  zones  of  India,  Burma,  the  Andaman  Islands,  and  Ceylon. 

This  log  was  stripped  of  its  bark,  it  was  cracked  right  through, 
shattered  with  numerous  smaller  shakes,  and  was  for  the  most  part 
decayed,  especially  in  the  heart.  Its  girth  was  54  inches ;  it  had  a 
brown  cane-like  exterior.  With  the  saw  it  cut  up  like  dry  beech, 
giving  a  cloud  of  aromatic  dust,  which  makes  it  very  unpleasant  to 
work.  It  saws  easily,  but  one  could  scarcely  judge  accurately  of  this, 
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.as  the  heart  was  filled  with  the  ochreous  and  white  flakes  of  the 
mycelium  of  a  fungus.  The  heart  has  a  beautifully  mottled  grain  of 
a  reddish  oak  colour,  and  it  is  a  very  handsome  wood,  which  might 
find  a  sale,  particularly  if  the  specimen  examined  is  below  the  average 
quality.  The  sapwood  is  greyish  and  rather  more  wavy  in  the  grain. 
It  turns  badly  both  by  hand  and  machine.  In  the  former  case  it 
reminds  one  of  lignum  vita^,  though  poorer  and  rougher  on  the  surface, 
and  in  the  latter  it  is  so  brittle  as  to  be  useless,  and  burns  against  the 
centre.  Better  results  are  obtainable  with  the  planing  machine,  which 
produces'a  well-finished  plank  of  open  grain  and  pretty  figure,  but  it 
bears  no  comparison  with  its  allied  species,  CaraUia  caly^ina  (No.  9). 
Polishing  improves  the  appearance  of  this  wood,  and  it  stands  in  need 
of  the  gloss,  which  alters  the  character  only  to  a  very  slight  extent. 
The  sapwood  is  perishable,  while  the  heartwood  is  durable,  according 
to  Watt,  but  this  is  directly  contradicted  by  Beddows,  who  states  that 
tough  and  not  easily  worked,  being  brittle  and  not  durable.' 

Watt's  figure  for  the  weight  per  cubic  foot  is  42  to  51  lb.,  and 
Professor  Unwin's  47-33  lb.,  equal  to  about  49^  cubic  feet  per  ton. 

No.  12.  Margosa  (Jtfelia  Azadirackla,  Linn.,  syn.  Azadirachta  indica, 
Adr.). — A  tree  of  the  Mahogany  tribe  (JfeHficete),  attaining  the  height 
of  40  to  50  feet.  It  is  also  called  the  Neern  or  Nvm  tree,  and  in 
India  it  is  known  by  fifty-eight  different  names  belonging  to  the  various 
dialects.  It  has  febrifugal  properties  and  yields  a  kind  of  toddy  on 
being  tapped.  This  tree  is  grown  in  many  places  in  Europe,  notably 
in  Spain,  where  it  reaches  fair  dimensions.  The  specimen  log  was  25 
inches  in  girth  and  had  a  light  brown  fissured  bark  resembling  oak 
bark.  It  was  badly  shaken  in  zigzag  cracks  right  to  the  heart,  which 
was  but  4|  inches  in  diameter. 

The  wood  saws  easily  and  sweetly,  the  sawdust  coming  off  in  an 
aromatic  powder.  The  heartwood  is  pinkish,  like  light-coloured  African 
mahogany,  which  it  strongly  resembles.  As  mahogany  of  this  char- 
acter sells  frequently  at  the  price  of  pine,  the  importation  of  Margosa 
as  an  inferior  quality  would  not  pay.  It  turns  like  lancewood  with  a 
fair  surface,  and  during  the  process  gives  off  an  evil  smell  strongly 
reminiscent  of  sulphurous  acid.  Xo  English  turner  could  be  persuaded 
to  work  this  wood  regularly.  The  same  remark  applies  to  the  turning 
of  Margosa  by  machine  as  by  hand ;  its  brittleness,  moreover,  makes 
it  useless  for  this  purpose,  as  no  sharp  corners  can  be  left  on  the  work. 
It  requires  care  in  planing,  and  may  be  called  difficult  of  this  treatment 
on  account  of  its  brittleness.  It  loses  its  character  when  polished, 
although  susceptible  of  a  good  finish.  Delicate  pinkish  colours  are  not 
pronounced  enough  to  influence  the  final  result,  hence  many  woods  of 
different  shades  of  pink  appear  very  similar  when  polished.  Compare 
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Nos.  3,  12,  13,  14,  and  20.  Watt  describes  the  heartwood  as  'red, 
very  hard  and  beautifully  mottled,'  which  does  not  altogether  corre- 
spond with  the  sample  in  question.  The  weight,  according  to  Gamble, 
is  45-53  lb.,  and  according  to  Professor  Unwin,  47*32  Ib.  per  cubic  foot, 
or  about  49}  cubic  feet  to  the  ton.  In  Ceylon,  Margosa  is  used  for  carts, 
agricultural  implements  and  furniture.  Cases  made  of  it  are  said  to 
resist  white  ants  and  to  preserve  the  contents  from  the  depredations  of 
other  insects. 

No.  13.  Lunumidella  (Melia  diibia,  Cav.). — A  large  handsome  tree 
of  the  Mahogany  tribe  (MeUacece),  which  is  found  distributed  over 
India  from  the  Himalayas  to  Burma  and  Ceylon.  For  reasons  stated 
at  the  commencement  of  this  report  it  would  be  advisable  to  call  this 
wood  '  Ceylon  mahogany,'  which  would  be  abundantly  justified  by 
the  fact  of  its  position  in  the  genus  Melia.  The  specimen  log,  which 
measured  51  inches  in  girth,  excited  the  interest  of  my  workpeople 
immediately  they  commenced  to  unload  it  from  the  wagon.  Assuming 
from  the  size  of  the  log  that  it  would  take  three  men  to  handle  it,  they 
were  amazed  to  find  that  one  only  was  required.  Its  lightness  is  very 
remarkable,  and  from  this  quality  alone  it  should  have  a  future  before 
it.  The  ease  with  which  it  can  be  handled  suggests  great  economy  in 
transport.  It  has  the  additional  virtue  of  being  a  wood  of  consider- 
able beauty.  It  is  of  a  delicate  salmon-pink  colour  with  a  satiny 
lustre,  even  when  merely  split,  and  is  very  prettily  marked.  The  log, . 
unfortunately,  had  one  crack  which  reached  right  across,  and  a  second 
which  penetrated  to  the  heart,  thus  ruining  a  very  fine  log  of  wood. 
There  is  a  narrow  spongy  pith  in  the  centre  which  would  always  spoil  the 
middle  plank,  but  with  skill  a  waste  of  more  than  three-eighths  of  an 
inch  could  be  avoided.  Lunumidella  saws  and  planes  with  exceptional 
speed  and  ease,  leaving  a  perfectly  smooth  and  lustrous  surface  after 
the  latter  operation.  Machines  for  dealing  with  this  wood  could  be 
driven  as  fast,  or  even  faster  than  with  deal.  It  resembles  a  light- 
coloured  cedar  rather  than  a  mahogany.  It  has  sufficient  sapwood  (1^ 
to  2  inches  wide)  to  protect  the  log  during  seasoning  and  transit,  but 
not  enough  to  make  it  necessary  to  have  the  logs  hewn  before  ship- 
ment. As  might  be  expected,  this  wood  turns  with  great  ease,  but  a 
smooth  surface  cannot  be  obtained  with  tools  merely.  With  glass- 
paper  it  is  readily  and  quickly  scoured.  It  is,  unfortunately,  too  soft 
for  machine  turning  and  rips  to  pieces  in  splinters,  besides  which  the 
centre  sinks  deeply  into  the  work,  though,  strangely  enough,  it  does 
not  readily  burn  by  the  friction.  By  special  study  the  difficulties 
might  be  overcome,  in  which  case  the  phenomenal  lightness  of  the 
wood  might  make  it  of  great  value. 

To  obtain  the  best  effect  of  the  grain,  Lunumidella  must  be  cut  in 


COLONIAL  TIMBERS.  253 

the  direction  of  the  radius,  i.  e.  quartered,  as  the  beautiful  satin  lustre 
does  not  appear  in  the  tangential  section.  When  polished,  which 
requires  much  trouble  on  account  of  the  highly  absorbent  nature  of 
the  wood,  the  beautiful  salmon-pink  colour  unfortunately  disappears, 
giving  place  to  a  bright  yellow  ;  it  then  resembles  polished  American 
birch  of  good  quality.  Its  weight  is  20'3  Ib.  per  cubic  foot  (Unwin), 
equalling  112  cubic  feet  per  ton.  (Compare  cork:  about  15  Ib.  per 
cubic  foot.)  Watt  gives  the  weight  as  being  from  23-26  Ib.,  and  I  am 
inclined  to  think  that  this  weight  will  be  more  frequently  met  with 
than  the  lesser  one  of  Professor  Unwin.  The  wood  is  used,  in  Ceylon, 
for  ceilings,  and  for  outriggers  in  boats,  according  to  Watt,  who 
suggests  its  use  for  tea-chests.  He  does  not  consider  it  either  so  strong 
or  so  durable  as  its  near  relative,  the  Margosa  or  Xym  tree  (Xo.  12). 

Thwaites  and  Hooker  say  that  the  '  loonoomidella  '-gass  is  Melia 
cow/xmta,  Willd.,  which  is  regarded  as  a  synonym  by  Watt,  also  that 
loonoomadala-gass  is  another  tree  belonging  to  a  different  genus,  and 
named  Stereospenmim  chelonoides,  D.  C.  The  wood  of  this  latter  tree 
is  described  by  Watt  as  being  '  reddish-brown  or  orange-coloured, 
close  and  even  grained,  elastic  and  durable  but  soft,  takes  a  good 
polish,  and  weighs  45  to  48  Ib.  per  cubic  foot,'  and  is  used  for  tea- 
boxes,  house-building,  etc.  It  is  evident  from  this  that  two  most 
distinct  trees  pass  under  similar  vernacular  names,  and  there  is  much 
room  for  confusion  between  the  two  if  these  names  be  employed  in 
trade. 

Xo.  14.  Walukina  (Calophyllum  bradeatum,  Thw.). — A  tree  of  large 
size,  generally  spread  over  Southern  India,  Burma,  and  Ceylon.  It 
belongs  to  the  Gamboge  tribe  (Guttiferce),  and  appears  not  to  be 
considered  of  much  importance,  as  Watt  does  not  even  mention  it. 

The  specimen  log  came  to  hand  in  bad  condition,  being  much  shaken, 
and  cracked  to  the  heart.  A  small  fragment  of  smooth,  dry,  leathery 
bark  still  adhered  to  it.  This  wood  saws  like  dry  beech.  The  sapwood 
is  the  best  part,  which  is  fortunate,  as  the  heart  is  very  insignificant, 
being  only  3  inches  out  of  11  inches  diameter,  and  quite  useless.  The 
colour  of  the  heart  is  brown ;  the  sapwood  is  Like  a  good  light-coloured 
plain  mahogany,  and  of  a  pleasing  grain,  which  has  the  appearance  of 
being  arranged  in  alternate  bands  of  straight  and  broken  fibres.  It 
planes  readily  but  slowly,  and  although  the  straight  portions  of  the 
grain  plane  smoothly,  the  broken  bands  'pick  up'  in  Little  flakes, 
hence  it  gives  trouble  in  the  finishing.  The  planks  require  consider- 
able pressure  to  hold  them  down  against  the  cutters,  and  require  a 
roller-feed  or  panel  planer  to  deal  effectively  with  them.  The  wood 
turns  well  by  hand,  and  compares  well  with  English  ash.  The  alter- 
nation of  smooth  and  rough  bands  mentioned  above  is  here  also  a 
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cause  of  trouble.  This  wood  is  of  little  value  for  machine  turnery ;  it 
is  very  porous,  and  absorbs  a  large  quantity  of  polish,  thus  making  the 
process  of  polishing  tedious.  The  polish  much  improves  the  appear- 
ance of  the  wood,  which  loses  its  character  almost  entirely  ;  the  pink 
shade  disappears,  and  it  then  resembles  polished  oak.  (Compare 
No.  3.)  The  weight  of  the  wood  is  3241  Ib.  per  cubic  foot  (Unwin), 
or  about  74  cubic  feet  to  the  ton. 

No.  15.  Ranai  (Persea  semicarpifolia). — A  tree  of  medium  size, 
belonging  to  the  Laurel  family  (Latiracece).  According  to  Gaertner,  it 
is  the  sacred  tree  of  the  Egyptians.  It  is  probably  not  abundant  in 
Ceylon,  as  it  is  not  mentioned  by  Watt,  nor  by  Thwaites  in  his  PlantcK 
Zeylandw.  The  wood  has  a  very  pronounced  olive  colour,  but  the 
sawdust  resembles  yellow  sand.  It  works  much  like  teak,  and  gives 
off  a  pungent  smell.  It  is  bad  to  plane,  but  can  be  got  moderately 
smooth*  with  care,  although  it  is  always  rough  on  account  of  its  open 
grain.  Apart  from  the  colour  it  is  a  plain  wood,  as  its  olive  tint 
vanishes  when  polished.  It  is  excellent  for  turnery,  the  shavings 
leaving  the  tools  in  thin  ribbons,  and  the  surface  obtained  requires  but 
little  glass-papering.  Its  weight  is  63*31  Ib.  per  cubic  foot,  or  about 
37^  cubic  feet  per  ton. 

No.  16.  Chomuntiri  (Heritiera  littoralis,  Ait.). — This  is  a  small 
gregarious  tree  growing  on  the  coasts  of  Bengal,  East  and  West 
Peninsula,  and  Ceylon.  It  is  also  called  the  looking-glass  plant  on 
account  of  the  masses  of  silky  hairs  beneath  the  leaves.  Here,  again, 
the  description  given  by  Watt  scarcely  corresponds  with  the  sample. 
He  says  the  colour  is  brown,  whereas  it  is  distinctly  reddish-purple. 
It  is  a  remarkably  heavy  wood  ;  the  sample  log,  which  was  6  feet  6 
inches  long  by  14  inches  diameter,  weighed  12  cwt.  This  would  be  much 
against  it,  as  the  cost  of  carriage  and  handling  would  be  great.  If  it 
resists  the  action  of  sea-water  it  might  be  useful  for  piles,  as  it  would 
readily  sink  itself  without  weighting,  and  might  compete  with  the 
Australian  ironwood  now  being  imported  for  the  purpose,  as  the  cost 
of  shipping  it  to  England  would  be  less.  Watt  states  that  it  is 
durable  and  tough,  therefore  the  experiment  may  be  worth  trying.  It 
is  used  in  the  Government  dockyard  at  Kidderpore,  and  by  the  natives 
for  boats,  shafts,  planking,  posts,  and  furniture.  It  is  the  chief  timber 
of  the  Sundarbar  forests.  Another  author,  Kurz,  speaks  of  the  wood 
of  Heritiera  littoralis  as  being  '  brown,  rather  light,  and  close  grained,' 
and  describes  //.  Foines  in  similar  words  to  those  of  Watt's  given 
above.  Is  there  any  doubt  about  the  nomenclature  of  the  specimen 
log?  Both  these  species  are  equally  frequent,  both  have  the  same 
vernacular  names,  and  the  same  habit ;  hence  there  is  room  for 
confusion. 
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The  wood  will  not  piano  at  all,  and,  properly  speaking,  cannot  be 
sawn.  The  saw  merely  burns  its  way  through  the  wood  accompanied 
by  a  stream  of  sparks.  In  opening  the  log  the  saw,  which  was 
sharpened  immediately  before  trying  the  wood,  had  to  be  sharpened 
again  before  it  could  be  got  through  a  piece  '21  inches  long.  It  turns 
hard  and  tough  with  a  moderately  good  surface  and  polishes  well,  but 
it  costs  too  much  in  tools  to  be  of  any  practical  value,  except  where 
its  extreme  hardness  and  weight  are  important.  Weight  75  -46  Ib.  per 
cubic  foot,  or  about  32  cubic  feet  per  ton. 

Xo.  17.  Suriya  (Thespesia  populnea,  Corr.;  Hibiscus  popuhieus, 
Linn.). — The  Portia  tree,  Umbrella  tree,  or  Tulip  tree  of  Hindoo 
writers.  This  is  a  moderately  large  evergreen  tree  belonging  to  the 
Mallow  tribe  (Mahww)  found  in  the  coast  regions  of  India,  Burma, 
the  Andaman  Islands  and  Ceylon.  It  is  known  in  Ceylon  also  by  the 
names  Suriya-gaha  and  Gansure-gaha,  and  by  no  less  than  fifty-three 
local  synonyms  in  the  various  districts  of  India. 

The  specimen  log  was  a  very  small  one,  being  only  18  inches  in 
girth,  but  of  the  6  inches  diameter  the  heartwood  was  only  3^  inches, 
which  gave  little  opportunity  for  an  effective  test.  The  bark  had  a 
strong  resemblance  to  that  of  English  maple.  It  cut  up  readily  with 
the  saw,  giving  rise  to  a  cloud  of  snuff-like  dust.  The  sapwood  is  like 
American  birch,  the  heart  a  very  dark  brown,  uniform  in  colour  and 
not  in  the  least  ornamental.  In  this  specimen  there  is  a  rich  black 
streak  in  the  heart  which,  if  not  abnormal,  would  considerably  enhance 
the  appearance. 

By  hand  it  turns  like  oak  or  very  dry  beech  and  finishes  smoothly, 
as  it  does  also  by  machine,  but,  being  exceedingly  brittle,  it  is  quite 
useless  for  the  latter  purpose.  The  appearance  of  the  wood  is  greatly 
improved  by  polishing,  which  is  effected  rapidly,  as  it  is  not  absorbent 
and  is  very  dense.  It  planes  with  difficulty  on  account  of  the  knots 
which  rip  out,  and  only  a  roughish  surface  can  be  obtained,  though  it 
readily  smooths  with  glass-paper  or  the  scraper,  and  then  finishes  well. 
^  att  observes  that  it  is  strong  and  durable,  and  is  used  in  Southern 
India  for  gun-stocks,  carts  and  furniture,  and  at  one  time  by  the 
Ordnance  Department  >for  gun-carriages.  The  bark  yields  a  strong 
fibre,  which  is  said  to  be  used  in  Burma  for  cordage  and  in  Demerara 
for  making  coffee  bags.  The  heartwood  is  recommended  by  Rumphius 
as  of  considerable  value  in  bilious  attacks  or  colic.  The  weight  of  the 
Suriya  per  cubic  foot  is  50-53  Ib.  (Unwin),  or  50  Ib.  (Watt).  There 
would  be  about  47  A  cubic  feet  to  the  ton. 

No.  IS.  Jak. — This  is  the  Jack-fruit  tree,  Artocarpns  integrifolia, 
Linn.  A  large  and  important  tree  belonging  to  the  order  Urticacece. 
It  is  cultivated  in  India  generally,  except  in  the  north  The  wood  is 
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used  for  carpentry,  boxes,  and  furniture,  and  is  exported  to  Europe  for 
cabinet  work,  turning  and  brush-backs  (Gamble).  It  yields  a  yellow- 
dye  which  is  used  to  dye  priests'  robes.  I  have  not  heard  of  its  use  in 
England,  and  presume  it  has  not  succeeded  in  gaining  a  footing  in  our 
market.  If  the  present  sample  is  a  fair  one  it  scarcely  appears  to 
merit  a  place  among  furniture  woods,  though  it  might  have  other 
virtues  which  would  make  it  useful  for  building  or  engineering  work. 
This  wood  works  in  almost  every  respect  like  Del  (No.  19),  but  not  quite 
so  bad.  Before  going  into  the  question  of  its  scientific  name  I  was  much 
struck  by  the  similarity  in  the  working  of  the  two,  and  suspected 
their  relationship.  The  colour  of  Jack  wood  is  brown,  otherwise  its 
structure  and  physical  characters  are  very  much  like  those  of  Del. 

The  sample  plank  was  very  sound  both  as  regards  decay  and  cracks. 
The  wood,  according  to  Watt,  is  of  a  yellow  or  yellowish-brown  colour 
darkening  on  exposure.  He  considers  it  one  of  the  handsomest 
furniture  woods  of  India,  an  opinion  which  is  scarcely  borne  out  by 
our  specimens.  Weight  43-37  Ib.  per  cubic  foot  (Unwin). 

No.  19.  Del  (Artocarpus  nobilia,  Thw.). — A  large  tree  belonging  to 
the  Artocarpaceee  or  Bread-fruit  tribe  (Urticacece),  confined  to  Ceylon. 
There  is  another  Indian  tree  bearing  the  vernacular  name  of  Del,  i.e. 
Bombax  malabaricum,  D.  C.,  the  Cotton  tree,  but  the  anatomical 
structure  of  the  wood  is  so  different  that  there  can  be  no  question  that 
our  sample  is  Artocarpus  nobilis. 

The  plank  was  in  a  bad  condition.  Decay  had  commenced  in  the 
heart  and  the  sapwood  was  quite  rotten.  The  heartwood,  which  was 
hardly  distinguishable  from  the  sap  except  by  a  greater  depth  of 
colour,  had  a  beautiful  metallic  green  colour,  which  shows  in  vertical 
patches  where  the  wood  is  hard,  but,  as  there  are  alternate  strips  of 
hard  and  very  soft  wood,  the  appearance  is  not  beautiful.  The  pores 
are  very  striking,  being  large  and  filled  with  a  white  substance.  The 
wood  saws  moderately  easily  but  will  not  plane  in  any  direction,  as 
the  soft  parts  '  pick  up '  in  large  furry  patches  with  which  nothing  can 
be  done.  It  turns  a  little  better,  but  only  the  hard  parts  cut  smooth, 
and  the  softer  ones,  even  after  being  well  glass-papered,  are  unsatis- 
factory. The  same  may  be  said  of  it  when  turned  in  the  machine. 
A  good  finish  can  be  obtained  upon  small  pieces  free  from  soft  wood ; 
as  the  latter  keeps  absorbing  the  polish  it  is  extremely  troublesome, 
and  presents  a  poor  appearance  under  the  best  conditions.  The 
characteristic  green  colour  becomes  changed  to  yellow  when  polished. 
In  Ceylon  it  is  employed  for  furniture  and  canoe-making.  Weight 
48-09  Ib.  per  cubic  foot  (Unwin). 

No.  20.  Halmilla  or  Trincomali  wood  (Berria  Ammonilla,  Roxb.).— 
A  large  tree  belonging  to  the  Lime-tree  family  (Tiliacece).    It  is  found 
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in  Southern  India,  Burma  and  Ceylon.  The  specimen  log  was  33 
inches  in  girth,  was  split  to  the  centre,  and  was  badly  shaken  else- 
where. The  wood  is  extremely  troublesome  to  saw,  both  longitudinally 
and  transversely.  The  heart  wood  is  proportionately  large,  being  9 
inches  out  of  11  inches  diameter,  and  is  of  a  beautifully  lustrous 
light-red  colour  somewhat  resembling  satinwood.  It  planes  readily 
and  smoothly  except  where  the  grain  is  curly,  it  is  then  rather  difficult 
to  smooth.  It  is  a  superior  wood  and  improves  upon  acquaintance. 
When  held  in  a  certain  light  the  surface  of  the  planed  wood  is  seen  to 
be  sprinkled  all  over  with  minute  shining  crystals.  These  add  to  the 
lustre  of  the  wood,  but  would  play  havoc  with  the  tools.  The  knots, 
which  appear  here  and  there,  have  an  objectionable  habit  of  ripping 
out  during  planing.  It  turns  well  like  hard  mahogany  (the  shavings 
coming  from  the  chisel  like  silk),  the  surface  obtained  is  extremely 
smooth  and  does  not  require  glass-paper.  It  acts  equally  well  in  the 
machine,  which  produces  a  clean  smooth  surface.  The  sample  does 
not  correspond  to  the  description  given  by  Watt,  who  speaks  of  Hal- 
milla  as  being  '  dark  red  in  the  heart,  very  hard,  close  grained  and 
apt  to  split/  He  mentions  a  specimen  which  was  perfectly  sound 
after  being  fifty  years  in  Calcutta.  His  figure  for  the  weight  per 
cubic  foot  is  48  to  65  lb.,  and  Professor  Unwin's  49-93  lb.,  or  about  4^ 
cubic  feet  to  the  ton.  In  Ceylon,  Halmilla  is  used  for  carts,  agricul- 
tural implements,  spear  handles  and  building  generally.  In  Madras 
the  celebrated  Masula  surf-boats  are  made  of  it,  which  fact  is  a  strong 
recommendation  in  itself. 

Xo.  21.  Suriya  Mara  (All>i">'i  odoratissima,  Beuth.). — This  is  the 
sweet-scented  mimosa,  a  tree  of  moderate  size  belonging  to  the 
Lvymniiiosfp,  found  in  the  Sub-Himalayan  regions.  It  has  forty-six 
local  names  in  India.  The  small  log  received  was  without  bark  and 
much  shaken,  but  the  streaks  proved  to  be  more  or  less  confined  to 
the  sapwood,  the  heartwood  being  sound  enough  for  commercial 
purposes.  The  wood  is  excessively  hard,  even  harder  than  ebony, 
and  cuts  up  with  the  saw  with  exceptional  difficulty.  There  is  a 
good  proportion  of  heartwood,  11  inches  out  of  13  inches  diameter, 
the  sapwood  being  only  1  inch  wide  and  therefore  negligible.  This 
timber  is  a  genuine  rosewood,  and  resembles  that  .shipped  from  Hon- 
duras in  every  respect  saving  depth  of  colour,  in  which  it  is  deficient. 
It  has  the  grain,  weight,  and  aroma  of  rosewood,  and  was  pro- 
nounced to  lie  such  by  my  workmen  without  hesitation.  It  would 
find  a  sale  as  '  Ceylon  rosewood  '  at  a  low  price  corresponding  to  its 
lack  of  colour,  but  if  this  name  would  lead  to  confusion  between  this 
species  and  Dalbergia  latifolia  and  Ddlbergia  sissoides  (Indian  rose- 
woods), the  name  of  the  port  from  which  it  may  be  shipped  could  be 
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used  in  the  place  of  the  word  'Ceylon.'  The  logs  of  Suriya  mara 
should  be  allowed  to  season  for  at  least  two  years  before  shipment,  as 
the  log  under  examination  was  quite  wet,  although  it  must  have  been 
felled  not  less  than  eighteen  months  ago.  As  regards  the  turning, 
polishing,  planing,  etc.,  it  compares  with  Honduras  rosewood  in  all 
respects,  except  that  the  polish  tends  to  make  the  colour  rather 
browner,  which  is  undesirable,  but  can  readily  be  corrected. 

This  wood  is  used  in  India  for  all  purposes  requiring  strength  and 
durability.  It  is  the  chief  wood  used  for  cart-wheels  in  Gujarat. 
Weight  57 -61  Ib.  per  cubic  foot  (Unwin),  equalling  42  cubic  feet 
per  ton. 

No.  22.  Nedun  (Fcricopsis  Mr>oni«ita,  Thw.). — A  very  large  tree 
with  a  palmate  leaf,  of  the  Acacia  family  (Legnminosw},  found  in  the 
south  of  Ceylon. 

The  specimen  log  had  a  trefoil  section  from  three  buttress-like 
projections  running  up  from  the  roots.  The  wood  has  the  appearance 
of  good  American  walnut,  but  is  much  heavier.  There  are  only  1|  inches 
of  sap  wood  out  of  14  inches  diameter,  the  remainder  being  fine  firm 
heartwood.  It  will  not  plane  smoothly,  as  the  softer  parts  of  the 
grain  rip  out.  It  is  hard  to  saw  and  very  dusty,  turns  very  badly 
either  by  hand  or  machine,  being  crumbling  and  difficult  to  deal  with. 
Weight  .70-79  Ib.  per  cubic  foot,  or  34  cubic  feet  to  the  ton  (Unwin)." 


Mechanical  Properties. 

The  specimens  have  been  submitted  to  mechanical  tests  by  Professor 
Unwin,  who  has  furnished  the  following  report  which  includes  a 
comparison  of  these  Ceylon  timbers  with  typical  European  timbers. 

"The  whole  of  the  samples  (22  in  number)  were  in  a  dry  and  well- 
seasoned  condition,  but  some  of  them  had  serious  drying  cracks  or 
shakes.  Mendora  and  Halmilla  have  a  good  elastic  range.  Lunumi- 
della  is  an  exceptionally  light  timber  and — as  would  be  expected — of 
relatively  low  strength.  On  the  other  hand,  Nedun  is  a  very  heavy 
timber  of  relatively  great  strength.  Chomuntiri  is  rather  heavier  than 
Nedun,  but  its  strength  is  not  so  great.  Walukina  is  rather  a  light 
timber  of  good  strength. 

The  following  tabular  statements  give — 

(1)  The  heaviness  of  the  timbers. 

(2)  The  crushing  strength. 

(3)  The  transverse  strength. 

(4)  Their  resistance  to  shearing  along  the  fibres. 

(5)  The  co-efficient  of  elasticity  from  the  bending  tests. 
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No. 

Name. 

Weight 

per  Cubic 
Foot. 
Ib. 

Tons  per 
sq.  in. 

Coefficient 
of 
Traii.sverse 
Strength. 
Tons  per 
sq.  in 

Shearing 
Stress. 
Pounds  per 
sq.  in. 

Coefficient 
of 
Elasticity. 
Tons  per 
sq.  in. 

1 
2 

Sapu 
Panaka 

41-41 
54-8d 

1  -570 
2-768 

758 

745 

502-0 
658-0 

3 

Gurukina   . 

62-62 

2-408 

3-900 

948 

657-0 

4 

Yinanku     . 

40-41 

1  -932 

4-247 

486 

429-2 

." 

Satimvoocl  . 

64-32 

3-374 

6-150 

1903 

748-9 

6 

Milk 

60-92 

3-118 

6-588           984 

721  -0 

7 

Ilanthai 

. 

3-479          1013-4 

426-7 

8 

Mendora     . 

59-70 

2-619 

6-125            620-4 

835-4 

9 
10 

Ubberiya    . 
Tawenna     . 

56-71 
46-11 

3-433 

3-454 

4-505         1066-6 
3-602          1083-7 

712-5 
796-0 

11 

Dawata 

47-33 

2-670 

4-830          1075 

561-3 

12 
13 

Margosa 
Lunumidella 

47-3-2 
20-39 

1-358 

5-125 

_  !  " 

1326 

495-0 
330-1 

14 

"Walukina  . 

32-41 

2-743 

4-024 

336-9 

734-7 

15 

Ranai 

63-31 

2-605 

4-710 

925              459-0 

16 

Chomuntiri 

75-46 

2-938 

6-460 

1333              737-2 

17 

Suriva 

50-33 

2-818 

5-206 

926-9 

452-6 

18 

Jak  *  . 

43-37 

3-400 

3-053 

672 

444-4 

19 

Del    . 

48-09 

2-932 

4-155 

1236 

632-8 

20 

Halmilla    . 

49-93 

3-442 

6-898 

830-3           780-7 

21 
22 

Suriva  Mara 
Xedun 

57-01 
70-79 

4-184 
3-919 

7-161 

1283 

I486 

775-0 
972-9 

The  precise  combination  of  qualities  required  in  a  timber  for  special 
purposes,  including  facility  of  working,  uniformity  of  structure  and 
freedom  from  defects,  appearance,  durability,  and  other  qualities,  is  not 
to  be  determined  from  mechanical  tests  alone.  Further,  the  results  of 
mechanical  tests  of  the  same  timber  vary  with  the  locality  in  which 
the  timber  is  grown,  the  conditions  of  felling  and  seasoning,  and  other 
circumstances,  to  a  greater  extent  than  is  commonly  supposed.  In 
some  2000  tests  of  different  logs  of  long  leaf  pine  made  for  the 
Government  of  the  United  States,  which  had  all  been  selected  by  the 
Forest  Officers  and  subjected  to  the  same  treatment,  it  was  found  that 
the  crushing  strength  varied  from  2 '04  to  4-40  tons  per  square  inch ; 
and  the  heaviness  from  28  to  65  Ib.  per  cubic  foot.  Hence,  very 
definite  deductions  from  any  set  of  tests  on  a  limited  number  of  logs 
must  be  accepted  as  subject  to  correction. 

For  European  timbers  I  take  the  following  values  as  representing 
fairly  what  is  accepted  as  the  average  of  such  results  as  are  most 
trustworthy. 
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Eruoi'EAN  TiMi;i-:i;s. 


He 

iviness          Crushing 
p  "ie-s           Strength. 

Transverse 
Strength. 

Xame.                     pei 

L  Cubic         Pounds  per 

Pounds  per 

/. 

fl> 

] 

—  . 

Jc 

fb 

w. 

w. 

Oak  . 

52                10,000 

12,000 

193 

230 

Elm  .... 

34                10,300 

8,000 

320 

235 

Ash  .... 

47                  9,000 

13,000 

191 

277 

Red  pine   . 

37                  5,800 

8,300 

157 

224 

Broadly  speaking,  the  strength  of  timber  increases  with  its  heavi- 
ness. The  most  valuable  timbers  for  structural  purposes  are  those 
which  have  considerable  strength  without  excessive  heaviness.  The 
pine  timbers  so  largely  used  are  not  only  easy  to  work,  but  they  have 
good  strength  in  proportion  to  their  heaviness.  In  the  above  table 
the  strengths  have  been  divided  by  the  weights  per  cubic  foot,  and  the 
results  are  given  in  the  last  two  columns.  Compared  in  this  way,  elm 
is  superior  to  oak,  and  even  red  pine  is  not  much  inferior. 

CEYLON  TIMBERS. 


Name. 

Heaviness 
in  Pounds 
per  Cubic 
Foot, 
w. 

Crushing 
Strength. 
Pounds  per 
sq.  in. 

/ 

Transverse 
Strength. 
Pounds  per 
sq.  in. 

/* 

/: 

W. 

A 

w. 

Sapu 

Vinanku    . 
Lunumidella 
Walukina . 


Panaka 
Dawata 
Jak   . 
Del    . 

Suriya  Mara 
Ilanthai  . 
Mendora  . 
Ubberiya  . 
Tawenna  . 
Margosa  . 
Halmilla  . 
Suriya 


LIGHT  TIMBERS. 

41-4 
40'4 
20-4 
3-2-4 


LT nder  42  Ib.  per  c.  ft 

3,490  7,820 

4,290  9,510 

3,200  5.720 

6,100  9.010 


MED i rM  TIMBERS.     42  to  60  Ib.  per  c.  ft. 


54-9 
47'3 
43-4 
48-1 
57-0 
48-9 
597 
567 
46-1 
47-3 
49-9 
50-3 


9,200 
5,920 
7,550 
6,500 
9,300 
6,170 
5,810 
7,620 
7,660 
6,640 
7,630 
6,230 


12,960 
10,820 

6,840 

9,310 
14,600 

7,790 
13,710 
10,090 

8,070 
11,480 
15,450 
11,660 


84 
106 
157 
188 


167 
125 
174 
135 
163 
126 
98 
139 
166 
140 
153 
124 


188 
234 
280 

280 


236 
228 
157 
193 
256 
159 
230 
178 
175 
244 
310 
233 


HEAVY  TIMBERS.     Over  60  Ib.  per  c.  ft. 


Gurukina  . 

62-6 

5,350 

8,740 

86 

140 

Satimvood 

64-3 

7,500 

13,780 

116 

214 

Milk 

60-9 

6,630 

14,760 

109 

242 

Ranai 

63-3 

5,800 

10,570 

92 

167 

Chorauntiri 

75  '5 

6,530 

14,490 

86 

192 

Nedun 

70-8 

8.700 

16,040 

125 

226 
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Taking  the  light  woods,  it  is  clear  that  as  regards  strength  in 
proportion  to  weight,  Lunumidella  and  Walukina  stand  best.  The 
remarkably  light  wood,  Lunumidella,  is  not  absolutely  as  strong  as 
red  pine,  but  in  proportion  to  its  weight  it  is  even  a  better  timber. 
"NValukina  is  weaker  than  ash,  and  about  the  same  strength  as  red 
pine. 

Of  the  medium  woods,  Halmilla  is  strongest  in  proportion  to  its 
weight,  and  Suriya  mara  stands  next.  Ubberiya,  which  Mr.  Stone 
thinks  well  of,  is  somewhat  weaker  than  oak,  but  it  has  a  greater 
transverse  strength  than  elm.  Tawenna  has  nearly  the  same  mechanical 
properties  a>  Ubberiya.  Suriya  mara  is  somewhat  stronger  than  either 
of  these. 

The  heavy  timbers  do  not  give  very  high  results.  Satin  wood  has 
greater  transverse  strength  than  oak.  but  the  strength  in  proportion  to 
weight  is  not  so  good.  Milla  and  Chomuutiri  have  a  little  greater 
transverse  strength,  but  their  crushing  resistance  is  low.  Xedun  is 
the  heaviest,  and,  for  cross  breaking,  the  strongest  timber.  But  its 
constants  obtained  by  dividing  the  strength  by  the  weight  are  not  so 
good  as  those  of  European  timbers. 

I  know  no  tests  of  the  shearing  resistance  of  European  timbers 
along  the  fibre  which  are  trustworthy.  But  the  following  results  of 
tests  at  "\Vatertown  Arsenal  may  be  used  for  comparison  with  the  tests 
of  Ceylon  timbers. 

Shearing  Strength. 
Lb.  per  sq.  in. 

Ash 458  to  700 

Red  oak 726  to  999 

Yellow  pine •_-'.  to  415 

Spruce     ......  iT).'3  to  374 
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SHEARING  STRENGTH  OF  CEYLON  TIMBERS. 


Name 

Shearing  Strength 
along  fibres. 
Pounds  per  sq.  in. 

f. 

f. 

w. 

LIGHT  TIMBERS. 

Sapu          ....... 
Vinanku    ....... 

753 
486 

18 
12 

Lunnmidella      ...... 

478 

23 

Walukina            ...... 

337 

10 

MEDIUM  TIMBERS. 

Tanaka      ....... 

745 

14 

Dawata      .         .         .         .         .         . 
Jak 

1,075 
1,236 

12 

15 
24 

Suriya  Mara       ...... 
Ilanthai     ....... 

1,283 
1,013 

22 
20 

Memlora    ....... 

620 

10 

Ubberiya  ....... 
Tawenna    ....... 

1,066 
1,084 

18 
23 

Margosa     ....... 

1,326 

28 

Halmilla    ....... 

830 

16 

Suiiya       ....... 

927 

IS 
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Gurukina  ....... 

948 

15 

Satinwood           ...... 

1,903 

29 

Willa         

1,004 

16 

Eanai         ....... 

925 

15 

Cliomuntiri        ...... 

1,833 

18 

K"edun       ....... 

1,486 

21 

111  a  few  cases  the  shearing  resistance  is  rather  low  for  leaf-wood 
timbers.  In  most  instances,  however,  it  is  as  high  as,  or  higher  than, 
that  of  timbers  commonly  used.  Amongst  the  medium  timbers  there 
are  seven  which  have  greater  shearing  resistance  than  American  oak. 
The  figures  in  the  last  column  show  the  relative  values  of  the  timbers 
as  regards  shearing  strength." 
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TIMBERS   (JAMAICA). 

A  series  of  twenty-four  of  the  principal  Jamaica  timbers,  received 
by  the  Imperial  Institute,  has  been  submitted  to  examination  with  the 
view  of  ascertaining  their  mechanical  properties,  and,  in  a  few  cases, 
their  working  qualities.  The  list  of  the  timbers  examined  is  as 
follows : — 

Lignum  Vita?.  Mammea. 

Satinwood.  Prune. 

Cashaw.  Mountain  Guava. 

Rosewood.  Hog  Gum. 

Bastard  Cabbage.  Prickly  Yellow. 

Yoke  AVood.  "NVannika. 

Spanish  Elm.  Seaside  Grape. 

Calabash.  Seaside  Mahoe. 

Xaseberry  Bullet.  Hog  Meat. 

Red  or  Cherry  Bullet.  Blue  Mountain  Yacca. 

Mountain  Mahoe.  St.  Ann's  Yacca. 

Mammee  Sapota.  Yellow  Sanders. 

The  following  short  descriptions  of  the  principal  trees  and  timbers 
may  be  given. 

Bastard  Cabbage  (Andira  inermis,  Kth.). — This  tree  is  plentiful 
up  the  valleys,  notably  those  of  the  Rio  Grande  and  Plantain  Garden 
River.  It  is  a  small  straight-growing  tree  and  reaches  a  diameter  of 
12  inches.  The  wood  is  used  for  posts  and  rafters. 

Yoke  Wood  (Catalpa.  longi*sim<i,  Sims). — This  is  a  large  handsome 
tree,  attaining  a  diameter  of  3  to  4  feet,  and  abundant  in  the  south 
and  south-east  of  Jamaica.  The  timber  is  very  durable  and  is  considered 
one  of  the  best  in  the  island. 

Spanish  Elm  (C»rd>a  yemschanthoides,  H.B.  and  K.). — This  tree 
reaches  a  height  of  20  to  30  feet  and  averages  one  foot  in  diameter  at 
the  base.  It  is  largely  used  by  the  peasantry  in  the  construction  of 
their  houses.  Hoops  and  staves  are  also  made  from  it. 

Calabash  fi.a  C'ujete,  Linn.). — This  tree  is  of  crooked  growth; 

it  is  used  only  for  small  work,  such  as  the  felloes  of  wheels  and  for 
carriage  building  generally,  for  cattle  yokes,  and  a  variety  of  small 
articles. 

Naseberry  Bullet  Tree  (Sajwta  Siderojyhn,  Gr.). — This  is  one  of 
the  tallest  trees  in  the  woods  of  Jamaica,  reaching  a  height  of  60  feet, 
with  a  diameter  of  3  to  4  feet.  The  wood  is  very  heavy  and  is  said 
tc  last  well  under  water. 

Red  or  Cherry  Bullet  Tree  (Dipholis  nigra,  Gr.). — This  tree  grows 
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generally  throughout  the  island  of  Jamaica  up  to  an  elevation  of  3500 
feet ;  it  reaches  3  to  4  feet  in  diameter.  The  wood  is  hard,  heavy,  and 
close  grained,  and  is  used  largely  in  general  construction. 

Blue  or  Mountain  Mahoe  (Hibiscus  elatus,  Sw.). — This  tree  is  a 
native  of  the  West  Indies,  and  reache-i  a  height  of  50  to  60  feet.  The 
fibre  of  the  bark  is  used  for  making  ropes ;  the  lace-like  inner  bark 
was  at  one  time  known  as  Cuba  bark  from  its  being  used  for  tying 
round  bundles  of  Havana  cigars.  The  leaves  and  young  shoots  are 
mucilaginous,  their  infusion  being  used  as  a  remedy  for  dysentery. 
The  wood  is  much  used  for  building  ;  the  best  variety,  which  is  largely 
employed  in  cabinet-making,  having  the  appearance  of  dark  green 
variegated  marble.  In  some  localities  planks  2  to  3  feet  wide  may 
be  obtained. 

Mammee  Sapota  (Lucuma  mammosa,  Gr.). — This  small  tree  is  a 
native  of  the  West  Indies  and  tropical  America.  It  is  generally 
distributed  throughout  Jamaica,  but  is  nowhere  very  common.  It 
grows  to  a  height  of  30  feet  and  to  a  diameter  up  to  2  feet.  The 
timber  is  used  for  many  purposes,  especially  in  house-construction, 
both  exterior  and  interior,  and  for  furniture. 

Mammea  (Mammea  americana,  Linn.). — This  tree,  which  reaches 
a  height  of  60  feet,  is  a  native  of  the  West  Indies  and  of  tropical 
America.  The  wood  is  considered  remarkably  durable,  resists  damp, 
and  is  well  suited  for  house-building,  posts  and  piles.  The  gum  is 
applied  to  extract  "  jiggers "  ;  when  dissolved  in  lime-juice  a  single 
dressing  is  said  to  destroy  maggots  in  sores.  An  infusion  of  the  bark 
is  used  as  an  astringent  lotion.  A  liqueur,  known  in  Martinique  by 
the  name  of  "  Creme  des  Creoles,"  has  been  obtained  by  distillation 
from  an  infusion  of  the  flowers  in  spirits  of  wine.  The  fruit  has  a 
sweetish,  somewhat  aromatic  taste,  and  a  peculiar  odour. 

Prune  (Pruritus  occidentals,  Sw.). — This  tree,  a  native  of  the  West 
Indies,  Guatemala,  and  Panama,  attains  a  diameter  of  2  to  3  feet. 
The  wood  is  hard  and  durable,  lasts  well  in  water,  and  is  therefore 
used  for  piles ;  it  is  considered  an  excellent  timber  for  building. 
From  the  kernels  of  its  fruit  the  celebrated  liqueur,  the  Noyau  of 
Martinique,  is  pi'epared  ;  the  flavour  yielded  by  them  is  much  superior 
to  that  of  peach  kernels.  The  bark  has  an  astringent  taste,  with 
a  strong  flavour  of  prussic  acid,  and  is  used  in  manufacturing  an 
inferior  description  of  Noyau,  known  by  the  name  of  Prune-dram 
(Macfadyen). 

Mountain  Guava  (Psidiiim  monlanum,  Sw.). — This  tree,  attaining 
sometimes  a  height  of  100  feet,  with  a  diameter  of  2  feet,  is  a  native 
of  Jamaica.  The  wood  is  highly  esteemed,  affording  a  timber  of  the 
hardest  description  with  the  grain  beautifully  variegated  (Macfadyen). 
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It  i<  said  to  be  useful  only  for  gun-stocks  and  for  such  articles  as 
require  hard,  tough  wood. 

Hog  or  Boar-gum  >Xymphoma  rjloljulif-ra.  Linn.).  —  This  is  a  lofty 
tree,  90  to  100  feet  high,  a  native  of  the  West  Indies  and  South 
America  ;  its  timber  is  used  in  interior  housework. 

Hog  Meat.  —  (  Botanical  name  not  given.  ) 

Blue  Mountain  Yacca  (Podocarpus  coriacea,  Rich.).  —  This  tree 
gro\v.s  in  the  Blue  Mountains  at  elevations  of  above  4800  feet,  and 
attains,  in  favourable  localities,  a  height  of  40  feet  with  a  diameter  of 
two  feet.  It  furnishes  beautifully-marked  planks,  much  used  in  cabinet 
work. 

St.  Anns  Yacca  (Podocar^as  Pui-dieana,  Hook.).  —  A  large  tree, 
which  attains  a  height  of  120  feet.  A  native  of  Jamaica  and  Cuba. 

Yellow  Sanders  (T'-runxalia  Hilarw.i.a,  Linn.).  —  This  tree,  which 
sometimes  reaches  60  feet  in  height,  with  a  diameter  of  3  to  4  feet,  i-  a 
native  of  Jamaica,  Cuba,  British  Guiana  and  Brazil.  The  wood  is  of  a 
light  yellow  colour  with  satin  graining,  and  is  highly  prized  in  cabinet 
work,  where  it  sets  off  dark  woods.  The  bark  has  an  aromatic, 
astringent,  and  bitter  taste  ;  it  is  employed  medically  by  the  natives. 


s  <md  Working  Qua! 

Portions  of  the  logs  of  Bastard  Cabbage,  Yoke  Wood,  Spanish  Elm, 
Xasel  jerry  Bullet,  and  Red  or  Cherry  Bullet  have  been  forwarded  to 
Mr.  Allan  Ransome,  for  the  purpose  of  testing  their  working  qualities. 
Mr.  Ransome  reports  as  follows  :  — 

Bastard  Cabbage  iA/tdi/-a  /'/;•.  /-m  •'.>•).  —  This  is  a  coarse  wood,  and 
the  sample  received  was  unsound,  showing  already  evident  signs  of 
decay.  It  sawed  and  planed  easily.  The  wood  appears  to  be  of  very 
perishable  nature,  and  therefore  not  fit  for  structural  purposes,  and 
possibly  even  unsuitable  for  posts  and  rails. 

Yoke  Wood  (Catalpa  longissima).  —  The  sample  received  was  very 
green,  and  much  decayed  in  one  part,  this  being  possibly  due  to  the 
overgrowth  of  some  parasitic  plant.  When  dry,  the  wood  was  of  a 
hghtjjrpwiiish-grey,  with  cross  stripes  of  a  darker  colour.  It  worked 
easily  under  the  saw  and  planing  machine,  and  as  it  somewhat  resembled 
black  walnut  it  might  l)e  used  for  similar  purposes. 

Spanish  Elm  (Cordia  geraschanthoides).  —  This  sample  was  sound 
and  partially  dry.  In  character  it  somewhat  resembled  English  Chest- 
nut. It  worked  readily  with  ordinary  wood-working  machinery  :  it 
might  be  applied  to  the  construction  of  slack  and  semi-tight  casks,  but 
being  of  a  very  short  grain  it  would  be  liable  to  break  if  used  for  casks 
of  a  tighter  description,  which  usually  have  more  bilge.  This  wood  is 
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also  suitable  for  posts  and  rails,  and  for  general  constructive  purposes 
on  farms,  etc.  Mr.  Ransome  has  had  a  sample  cask  constructed  from 
this  timber,  which  will  be  exhibited  in  the  Jamaica  Court. 

Naseberry  Bullet  (tiapota  Sideroxyhni). — The  sample  submitted  for 
trial  was  easily  worked  by  both  sawing  and  planing  machines.  It  is 
a  straight-grained  and  sound  wood,  and  could  be  used  to  advantage  for 
inside  joinery  work,  flooring,  match-boarding,  etc.,  and  if,  as  stated,  it 
lasts  well  under  water,  it  would  also  be  a  good  wood  for  piles  and 
harbour  work. 

Red  or  Cherry  Bullet  (Dipholis  niyra). — The  sample  submitted  was 
easily  worked  by  both  saw  and  planes.  This  wood  has  more  figure 
than  any  of  those  previously  described,  and  might  be  used  for  bedroom 
furniture  and  other  cabinet  work  of  the  cheaper  class  5  it  would  be 
useful  for  all  kinds  of  timber  constructions. 

Mechanical  Properties. 

The  results  of  the  mechanical  tests  are  summarised  by  Professor 
Unwin  iu  the  following  report : — 

"The  specimens  of  twenty-four  timbers  received  through  the  Imperial 
Institute  from  Jamaica  form  so  interesting  and  complete  a  series  that 
it  appears  to  be  worth  while  to  summarise  the  results.  It  will  then  be 
easier  to  draw  general  conclusions  as  to  the  relative  value  of  the  different 
timbers. 

The  lightest  timber  of  the  series  was  Mountain  Mahoe,  weighing 
33J  Ib.  per  cubic  foot,  or  a  little  less  than  ordinary  pine  in  this  country. 
Considering  its  very  low  density,  its  strength  is  fairly  good.  Next  in 
order  of  density  is  Blue  Mountain  Yacca,  which  weighs  38 Jib.  per 
cubic  foot,  and  the  strength  of  which  is  distinctly  greater  than  that  of 
Mountain  Mahoe. 

The  fault  of  most  tropical  woods,  from  a  constructional  point  of  view, 
is  their  great  hardness  and  heaviness.  Amongst  the  Jamaica  specimens 
there  is  a  group  of  very  heavy  timbers.  Yoke  Wood,  Cherry  Bullet, 
Naseberry  Bullet,  Rosewood  and  Lignum  Vitse  weigh  from  70|  to 
75 i-  Ib.  per  cubic  foot.  Such  woods  can  only  be  used  for  very  special 
purposes.  They  are  all  considerably  heavier  than  water.  Excepting 
for  shearing,  the  strength  co-efticients  of  the  heaviest  wood,  Lignum 
Vitse,  were  not  very  high. 

It  is  well  known  that,  in  general,  the  strength  of  timber  increases 
with  the  density.  The  best  woods  constructionally,  therefore,  are  those 
which  give  high  strength  co -efficients  in  proportion  to  their  weight  per 
cubic  foot.  In  the  following  table  the  whole  of  the  results  on  Jamaica 
timbers  are  given,  the  specimens  being  arranged  for  comparison  in  the 
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order  of  their  density.  It  will  be  seen  that  while,  broadly  speaking, 
the  strength  is  greatest  for  the  heaviest  woods,  there  are  certain  timbers 
which  have  markedly  good  co-efficients  compared  with  other  timbers  of 

about  the  same  weight : — 

JAMAICA  TIMBERS. 


No. 

Coefficient 
Weight          Cm-                     of              Shearing 

Coefficient 
f\f 

of 

men. 

v                                            i/'iV'ii:          8tm                            -           s-ress. 
Foot.           Tons  ]>er       Strength.        Tons  per 
Ib.                 »(.  in.           Tons  per           sq.  in. 
sq.  in. 

OI 

Elasticity. 
Tons  per 

sq.  in. 

53 

Mountain  Mahoe         .         .        33'46           ri>73           3'240           0-536 

363-1 

65 

Blue  Mountain  Yacca          .        M                 2  "404           4'309           0'4>6 

66 

St.  Ann's  Yacca          .         .        44'67           2'524           5'252           0'346 

596-4 

67 

46-95           2  •.'."..".           S'133           0-3."  7 

547-8 

Means   .         .         .        45-61           2-539           5-192           0'351 

572-1 

49 

Spanish  Elm       .         .         .        47'69           2  'MS           2'730           0'428 

553-0 

63 

Seaside  Mahoe    .         .         .        48'31           2'212           4'450 

370-3 

Hug  Gum.          .          .          .        50-21            2'915           5'141           0'4r52 

728-6 

50 

Calabash    ....       54-69          1-420          2-617 

230-1 

68 

Yellow  Sand  era  .         .         .        :>7'29           4  '0-25                              0'36S 

720-9 

85 

Satinwood           .         .         .        55  '99           4'34t)           3  'OS1 

36 

,,                  ...        61-15           4  -2^7           6't>27           0'305 

775-0 

Means  .         .         .        58  '5  7           4  '3  16                              0'44". 

777-4 

Mamniee  Sapota          .         .        59  '16                              6  '956           0'555 

763-3 

47 

IJastard  Cabbage         .         .        60  '41           :M''.»1           5  '44  3           ir4.",0 

639-1 

60 

Prickly  Yellow  .         .         .        60'6ri           1'777           2  '706           0'41S 

499-4 

39 

Cashaw       .         .         .                 61  '26           3'760           6'437           0'S51 

874  -0 

55 

Jfammea    ....        61  "2'.'           3-2-M2                              0'362 

57 

Mountain  Guava         .         .        65  '04                                                 0'38tf 

820-0 

61 

Wannika    ....        65'34           2773                              ri-4>:, 

695-3 

62 

Seaside  Grape     .         .         .        65'34           2-.">17           4-13." 

637-4 

56 

Prune         ....        66  '23           3-433                              0'739 

919  6 

48 

Yoke  Wood        ...        7                                                         0'317 

52 

Red  or  Cherry  Bullet           .        71  '26           3  -566           6  -122           0-503 

64 

Hog  Meat  ....        73  S2                                                 0'470 

638-1 

51 

44 

Xaseberry  Ballet         .         .        7  4  "2  7                              9  '163           0'503 
Rosewood  ....        7  4  -4.">           5-713                              0-351 

'    - 
986-0 

33 

Lignum  Vitse     .         .         .        76  '47           3  '41  5           4'SSS           0'447 

498-6 

42 

,,            ...        74-86           4-328           3'048           1"24»J 

508-5 

Means   .         .         .        75'66           3'871           3'968           0'846 

503-6 

These  results  show  that  amongst  woods  of  specially  light  weight, 
Mountain  Yacca  and  St.  Ann's  Yacca  are  good.     Amongst  woods  of 
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moderately  heavy  character,  Hog  Gum,  Yellow  Sanders,  Satinwood 
and  Mammee  Sapota  have  good  strength  co-efficients.  Amongst  woods 
heavier  than  water,  Prune,  Red  or  Cherry  Bullet  and  Naseberry  Bullet 
seem  the  best." 

TIMBERS   (CAPE  COLONY). 

Specimens  of  twenty-five  of  the  principal  timbers  of  this  Colony 
having  been  received  by  the  Imperial  Institute  they  were  submitted  to 
the  usual  examination  for  the  purpose  of  ascertaining  their  mechanical 
properties  and  working  qualities.  The  list  of  the  timbers  received  is  as 
follows  : — 

From  the  Eastern  Conservancy. 

Sneezewood.  Assegai. 

Outeniqua  or  Common  Black  Iromvood. 

Yellowwood.  White  Pear. 

Upright  or  Real  Yellowwood.  Saff'raan. 

From  the   Western  Conservancy. 

Stone  Pine.  Cluster  Pine. 

Blue  Gum.  Clanwilliam  Cedar. 

From  (lie  Midland  Conserva/wy. 

Saffraan.  Red  Els  (Elzenhout). 

Black  Iron  wood.  Cape  Beech  (Beukenhout).' 

Kersehout.  Outeniqua  or  Common  Yellow- 

Vlier.  wood. 

Keur.  Stinkwood  or  Cape  Laurel. 

Assegai.  White  Els. 

Upright  or  Real  Yellow-              Hard  Pear, 

wood.  White  Pear. 

Characters  and   Working  Qualities. 

The  timbers  were  submitted  for  practical  trials  to  Mr.  Herbert 
Stone,  who  has  furnished  the  following  report : — 

"  I  am  much  pleased  to  be  able  to  report  that  this  series  of  woods 
contains  many  of  good  quality  and  some  of  great  excellence. 

The  condition  of  the  planks  received  for  testing  was  good  on  the 
whole,  but  in  some  cases  the  selection  made  for  transmission  appears 
to  have  been  unfair  to  the  particular  timber.  For  example,  Harvey, 
in  his  Genera  of  South  African  Plants,  speaks  of  the  Assegai  tree  as 
the  largest  tree  in  South  Africa,  whereas  the  specimen  sent  would  by 
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no  means  convey  tliat  idea,  but  very  much  the  reverse.  I  have  steered 
clear,  as  much  as  possible,  of  such  errors,  and  have  also  made  allowance 
for  defects  obviously  caused  by  unusual  conditions.  I  should  say,  with 
all  reserve,  that  these  specimens  have  most  probably  been  cut  up- 
country,  made  into  an  ox-wagon,  and  thus  brought  to  the  coast  in 
an  economical  manner.  This  conclusion  is  drawn  from  the  fact  that 
eacli  plank  had  three  large  screws  in  each  end  and  was  more  or  less 
badly  warped  or  l*>nt  laterally.  Indirectly  this  would  bear  witness 
to  the  excellent  character  of  those  species  which  have  withstood  such 
a  very  trying  exposure  to  the  South  African  climate.  I  further  assume 
that  the  planks  did  not  undergo  much  seasoning  l>efore  transport,  and 
that  the  cracked  condition  of  some  is  largely  due  to  inexperienced 
handling  to  begin  with. 

The  tools  used  in  making  the  technical  tests  were  the  same  as 
those  employed  in  my  examination  of  the  Ceylon  woods  (see  p.  245). 
I  am  also  making  an  addition  in  one  or  two  cases  to  the  general 
information,  which  I  trust  will  be  found  of  use,  i.e.  the  approximate 
cost  per  cubic  foot  or  ton  in  freight,  dock  charges,  etc.,  to  lay  down 
the  timber  on  the  dock  side  at  London  or  Liverpool.  The  exporter 
may  gain  therefrom  some  idea  of  how  much  he  has  to  risk  on  the 
first  few  lots  by  adding  these  charges  to  his  cost  of  getting  and 
putting  on  shipboard  at  Cape  Town.  I  have  based  my  calculations 
upon  prices  furnished  me  by  Messrs.  Churchill  and  Sim,  Clements-lane, 
London,  the  well-know.n  timber  auctioneers,  than  whom  there  is  no 
letter  authority,  but  I  cannot  accept  any  responsibility  on  this  score, 
as  it  is  the  business  of  an  exporter  to  ascertain  the  precise  figures  from 
time  to  time  at  first  hand.  At  the  present  time  there  is,  of  course, 
some  inflation  in  the  cost  of  freight,  so  I  requested  my  informants  to 
give  me  the  average  cost  in  time  of  peace.  One  word  of  warning  is 
necessary  :  the  exporter  must  expect  to  receive  the  minimum  price  for 
the  first  few  lots  until  the  timber  has  become  known.  Even  if  the 
wood  be  a  success  the  purchaser  of  the  first  lot  may  not  find  it  con- 
venient to  buy  the  second,  or  may  be  the  only  bidder,  and  if  he  is 
shrewd  he  will  keep  it  to  himself  as  long  as  he  can,  so  that  the  spirit 
of  enterprise  will  be  an  element  in  the  ultimate  success  of  a  novelty. 

(1)  Samples  from  the  Eastern   Conservancy. 

No.  14/117.  Sneezewood  or  Nieshout  (Ptif-rary/on  uti!e,  Eckl.  and 
Zeyh.).— A  tree  about  thirty  feet  high,  a  native  of  Uitenhage,  belonging 
to  the  Horse  Chestnut  family,  Hippocattanacece,  The  wood  is  very 
remarkable,  being  of  a  very  delicate  rose  colour  with  a  satiny  lustre, 
well  marked  with  a  rather  broad  figure  (like  that  of  deal)  and  a  dense 
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smooth  hard  grain.  It  would  be  highly  prized  were  it  not  for  the  very 
peculiar  property  from  which  it  takes  both  its  Dutch  and  English 
popular  names.  This  is  so  pronounced  and  violent  that  it  becomes 
impossible  to  work  it,  and  from  the  first  cut  of  the  saw  sneezing  and 
running  of  the  eyes  became  general ;  this  culminated  in  the  process 
of  glass-papei'ing,  during  which  the  operator  found  it  necessary  to  cover 
his  nose  and  mouth  with  a  cloth,  Avhile  the  other  men  could  not  remain 
in  the  workshop.  This  deprives  us  of  an  extremely  handsome  wood, 
as  I  do  not  think  it  likely  that  it  will  be  taken  up  here,  as  the  opposi- 
tion of  the  workmen  would  be  too  great,  and  it  would,  indeed,  be  unfair 
to  expect  any  one  to  work  in  such  an  atmosphere.  In  the  Colony  it 
may  be  used  for  purposes  where  rough  trimming  with  the  axe  or  adze 
in  the  open  air  suffices.  The  same  plank,  7  inches  wide  and  4  inches 
thick,  was  badly  shaken  and  split  in  many  places,  one  end  being 
practically  shattered.  The  sapwood  was  much  worm-eaten,  but  the 
holes  are  filled  up  again  in  the  heart.  The  heart  was  very  rotten  in 
places.  The  wood  is  as  hard  as  boxwood  to  saw,  planes  slowly  but 
with  a  very  smooth  lustrous  surface,  turns  like  ebony  by  hand,  but 
is  too  brittle  for  machine-turning.  In  polishing  it  acquires  a  beautiful 
surface.  Harvey  says  it  is  a  very  inflammable  wood  when  green. 
Weight,  67-44  Ib.  per  cubic  foot  (Unwin),  or  33-J  cubic  feet  per  ton. 

No.  1/120.  Outeniqua  or  Common  Yellowwood  (Podocarpus  elon- 
yata,  P.S.). — A  large  tree  with  angular  branches  belonging  to  the  Pine 
family,  Coniferw.  This  is  a  wood  strongly  resembling  some  kinds  of 
pine,  and  is  of  rather  a  better  quality  and  closer  grain,  but  of  no 
particular  excellence.  Harvey  refers  to  a  species  of  Podocarpus  as 
being  the  chief  building  timber  of  South  Africa,  and  I  imagine  he 
refers  to  this,  as  No.  8/116  is  of  much  inferior  quality.  The  sample 
plank,  18  inches  wide  and  4  inches  thick,  was  badly  shaken  at  the 
ends  and  tainted  with  decay  in  the  middle.  The  wood  saws  and 
planes  rather  harder  than  deal,  and  compares  with  English  birch. 
For  turnery  either  by  hand  or  machine  it  is  of  very  little  use,  and 
though  polishing  fairly  well  is  not  likely  to  be  put  to  ornamental  uses, 
as  it  has  nothing  to  recommend  it  in  that  respect,  being  very  knotty 
and  disfigured  with  black  patches.  It  would  not  recover  the  cost  of 
freight  here,  though  no  doubt  of  great  use  in  South  Africa  for  such 
purposes  as  those  to  which  deal  is  put  in  England.  Weight,  34 '1  Ib. 
per  cubic  foot  (Unwin),  or  65|  cubic  feet  per  ton.  The  freight  would 
be  low,  from  7|«?.  per  cubic  foot  upwards,  according  to  dryness. 

No.  8/116.  Upright  or  Real  Yellowwood  (Podocarpus  Thunbergii). 
— A  very  large  tree  related  to  the  foregoing,  to  the  size  of  which  the 
sample  bears  witness,  as  it  was  a  fine  plank  17  inches  by  4  inches. 
It  is  a  poor  class  of  wood,  apparently  of  little  strength,  as  the  plank 
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had  broken  in  two,  lengthwise,  in  transit.  It  saws  very  easily,  leaving 
a  soft  rough  surface,  planes  quickly  and  well,  but  I  scarcely  think  the 
test  a  fair  one,  as  there  was  evidence  that  the  plank  was  much  decayed, 
mmercial  value  would  be  somewhat  less  than  Xo.  1  1 20.  It  is 
not  apparently  a  native  of  the  Cape,  as  Harvey  refers  to  P.  '•Inngntns 
as  the  only  indigenous  species  of  the  genus.  Weight,  33-625  Ib.  pel- 
cubic  foot  (Unwin),  or  about  66|  cubic  feet  to  the  ton. 

Xu.  •">  11s.  Assegai  wood.  Beech-leaved  Assagayboom  (Curtuea 
fnii'i iiefi,  W.). — One  of  the  largest  trees  in  South  Africa,  abounding  in 
the  alxn-iginal  woods,  belonging  to  the  Holly  family,  A<{iii/»Hace<i. 
As  already  mentioned,  the  sample  does  not  do  justice  to  the  tree.  It 
was  an  undressed  waney-edged  plank  cut  from  a  small  tree,  12  inches 
diameter,  having  one  flat  surface  as  wide  as  the  tree  afforded,  the  other 
8  inches  only.  It  was  split  right  down  the  centre  and  worm-eaten, 
with  .',-inch  borings  penetrating  as  much  as  2  inches  each  side,  so  that 
very  little  sound  wood  was  left.  It  cross-cuts  readily,  but  saws  about 
as  hard  as  oak  plankwise,  during  which  operation  it  gives  off  a  strong 
smell  of  ethereal  oil  something  like  freshly-felled  pine.  It  has  a  plain 
fine  grain  without  figure  and  a  very  uniform  plain  grey-brown  to  dark 
cedar  colour.  The  wood  is  used  by  the  natives  for  the  making  of 
weapons,  from  which  the  name  is  derived.  It  is  a  very  heavy,  dense, 
solid  wood,  and  I  should  say  of  considerable  value  if  the  logs  are  sound 
and  of  good  size.  I  cannot  suggest  the  precise  purpose  for  which  I 
can  recommend  it,  but  I  feel  sure  that  a  wood  of  such  excellence  would 
readily  find  a  sale  here.  For  turnery,  apart  from  its  plain  appearance, 
it  is  a  most  excellent  wood.  It  is  smooth  from  the  turning  tools  and 
polishes  with  ease.  It  is  rather  too  brittle  for  machine-turning. 
Weight  60-17  Ib.  per  cubic  foot  (Unwin).  or  37  cubic  feet  per  ton. 

X«>.  3  119.  Black  Ironwood  (Ofm  /".nrl/'Ji"). —Atree  of  the  Olive 
01-  Ash  family.  The  sample,  a  plank  16  inches  by  -i  inches, 

was  very  much  cracked  and  tainted.  It  had  a  gaping  crack  at  »ne 
end  and  many  heart  cracks  at  the  other.  It  is  a  hard  and  heavy  wood 
and  as  difficult  to  saw  as  ebony.  The  colour  is  extremely  variable, 
running  from  yellowish-white  streaked  with  brown  and  black,  to  brown 
with  occasional  streaks  of  white.  When  cut  up  it  proved  to  be  much 
decayed.  It  is  a  pity  that  more  care  was  not  exercised  in  the  selection 
of  these  samples  before  the  expense  of  sending  them  here  was  incurred, 
for  it  is  obvious  that  any  report  upon  them  must  be  vitiated  by  the 
condition  of  the  wood,  as  such  remarks  as  I  am  able  to  make  can  only 
be  confined  to  the  individual  planks  and  can  serve  as  no  guide  to  any 
probable  investor.  Harvey,  in  his  <T>-n*ra  »f  ^ont/t  A/I-'K-HH  Plante, 
does  not  mention  any  timber  tree  of  the  genus  Olea,  but  only  shrubs. 
Is  this  correctly  named '?  Such  parts  as  were  sound  enough  to  work 
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cut  up  and  planed  well  and  smoothly.  Its  appearance  is  plain,  the 
curly  parts  of  the  wood  being  evidently  due  to  bad  growth.  Weight 
54*615  Ib.  per  cubic  foot  (Unwin),  or  about  40|  cubic  feet  per  ton. 

No.  1 7/122.  White  Pear  (Apodytes  dimidiata). — I  find  some  difficulty 
in  identifying  this  species.  Harvey  does  not  mention  the  genus  at  all, 
and  I  have  searched  all  available  literature  on  the  subject  without 
success.  The  specimen  was  a  small  sound  plank  with  waney  edges, 
with  the  birch-like  bark  still  remaining,  which,  if  squared,  would  have 
measured  only  5  inches  by  4  inches  in  section,  but  this  want  of  sixe 
is  no  particular  disadvantage,  as  it  is  evidently  a  turner's,  not  a.  joiner's 
wood.  It  proved  to  be  very  hard,  not  less  so  than  West  Indian  or 
Cape  boxwood,  for  which  it  would  make  a  good  substitute  for  purposes 
where  the  uncertain  patchy  brown  and  white,  or  grey  colour,  would 
be  no  objection.  The  colour  is  by  no  means  unpleasant,  but  cannot 
be  said  to  be  ornamental.  Notwithstanding  its  hardness  it  is  readily 
planed  to  a  smooth  surface.  I  imagine  this  wood  would  find  a  sale 
as  a  cheap  turner's  hardwood.  It  takes  a  moderate  finish.  Weight 
61 -09  Ib.  per  cubic  foot  (Unwin),  or  about  36^  cubic  feet  per  ton. 

No.  16/121.  Saffraan  or  Crocus  (Elwodendron  croceum). — A  tree 
belonging  to  the  Spindle  tree  family,  Celaslracea1.  Harvey  does  not 
mention  this,  and  remarks  that  Elwodendron  cajiense,  Eckl.  and  Zeyh., 
is  the  only  South  African  species.  The  sample  was  a  sound  plank 
16  inches  by  4  inches,  but  much  lighter  in  colour  than  No.  2  from  the 
Midland  Conservancy,  otherwise  one  would  take  it  for  the  same  wood. 
Its  colour  is  a  rather  pretty  pinkish-purple.  It  is  a  heavy  wood  without 
much  figure,  but  takes  a  good  surface  with  the  planer.  It  is  very  hard 
to  saw,  but  not  more  than  one  would  expect  from  its  density  and  weight. 
I  consider  it  a  most  excellent  wood  which  would  soon  find  many  uses,  and 
is  worthy  of  attention.  It  turns  like  good  beech,  the  shavings  coming 
off  in  long  silky  ribbons.  It  would  pass  for  mahogany  before  polishing, 
but  unfortunately  the  red  colour  is  of  that  fugaceous  character  that 
changes  to  brown  with  spirit-polishes.  The  finish  is  good.  As  this 
is  a  heavy  wood  the  freight  and  charges  would  amount  to  nearly 
Is.  per  cubic  foot.  Weight  53-83  Ib.  per  cubic  foot  (Unwin),  or  39 
cubic  feet  per  ton. 

(2)  Samples  from  the   Western  Conservancy. 

No.  1.  Stone  Pine  (Pinus  Pinea). — An  abundant  tree  in  South 
Europe,  where  it  is  grown  chiefly  for  its  beauty  as  a  component  of  the 
landscape.  It  is  not  a  native  of  Cape  Colony,  and  is  not  considered 
a  tree  of  much  commercial  value.  It  no  doubt  finds  a  use  as  pit-  and 
fire-wood  where  grown,  but  its  importation  here  is  out  of  the  question 
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as  the  freight  alone  would  far  exceed  its  market  price.  The  specimen, 
a  1 3-inch  by  4-inch  plank,  much  bent  laterally  in  drying,  was  a  poor 
representative  even  of  the  species.  It  tapered  from  13  inches  to 
11  inches  in  the  short  length  of  5  feet,  and  at  this  rate  would  taper 
to  a  width  unacceptable  as  timber  in  an  eleven-foot  plank.  The  plank, 
as  might  be  expected  from  the  species,  was  full  of  knots  and  worked 
in  every  way  like  the  commoner  classes  of  spruce.  It  had  a  bad  crack 
down  the  middle  nearly  dividing  the  plank.  It  is  worth  noting  that 
the  wood  readily  takes  a  good  polish.  Pit-props  sell  under  normal 
circumstances  at  about  17;?.  per  ton,  though  the  present  price  is  nearer 
25s.  :  still,  as  the  freight  would  exceed  the  latter  sum  by  15*.  per  ton, 
no  more  need  be  said.  Weight,  35-26  Ib.  per  cubic  foot  (Unwin),  or 
about  63 1  cubic  feet  per  ton. 

2.  Blue  Gum  (Eucalyptus  i/'ubuhi..^). — A  tree  of  the  Myrtle 
family,  probably  introduced  from  Tasmania,  where  it  grows  to  200 
feet  in  height.  The  Cample  was  a  very  poor  specimen,  being  a  waney- 
edged  undressed  plank  12  inches  wide  on  one  side  and  8  inches  on  the 
other.  It  had  been  flat  when  rirst  cut,  as  the  sawmarks  showed,  but 
it  had  since  swelled  up  in  the  middle  of  one  side  with  sufficient  force 
to  rupture  the  tissue  within  and  produce  a  cavity  which  had  no 
opening  outwards,  and  which  was  only  discovered  when  the  plank  was 
cut  through.  I  do  not  remember  ever  having  seen  a  similar  defect 
in  a  plank.  If  this  wood  is  liable  to  swell  in  this  way  I  consider  it 
useless,  but  if  due  to  want  of  foresight  in  the  preparation  of  the  plank, 
M  I  think  likely,  it  may  be  ignored.  This  should  be  carefully  gone 
into  before  any  is  sent  out  of  the  country,  or  loss  will  result,  as  its 
merits  in  other  directions  are  few.  Besides  this  peculiarity  the  plank 
was  badly  cracked  at  one  end  to  a  distance  of  about  12  inches.  It  is 
a  peculiar  wood,  the  sapwood  being  darker  than  the  heart,  which  is 
a  pinkish-grey.  It  saws  with  difficulty,  accompanied  by  a  smell 
resembling  acetic  acid.  It  planes  very  hard  and  badly,  or  rather  it 
does  not  plane,  for  the  cutters  rip  the  wood  out  in  places  instead  of 
cutting,  and  a  smooth  or  even  flat  surface  cannot  be  obtained.  It 
turns  well,  but  is  as  hard  as  Turkey  boxwood  and  the  fibres  tear  away, 
rendering  a  smooth  surface  out  of  the  question.  It  p  >lishes  fairly 
well.  Weight,  51 -09  Ib.  per  cubic  foot  (Unwin),  or  about  43f  cubic 
feet  to  the  ton. 

N«.i.  3.  Cluster  Pine  (Pinus  Pinn.it- r.  "W.  i. — A  common  tree  in 
Europe,  from  North  France  and  Germany  southwards  to  Mediterranean. 
It  is  chiefly  used  in  England  for  rough  work  such  as  pit-props,  and 
competes  with  Scotch  fir  from  Norway  on  the  west  coast,  on  account 
of  the  lesser  freight,  but  not  on  the  east  coast.  This  wood  scarcely 
merits  a  separate  description,  and  I  need  only  say  that  it  works 
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like  the  inferior  qualities  of  deal.  The  price  at  the  present  moment 
is  from  22s.  6d.  to  25s.  per  ton,  in  consequence  of  a  boom  in  mining 
timber,  but  its  normal  figure  is  somewhere  about  17s.  3d.  per  ton.  It 
is,  therefore,  evident  that  it  cannot  be  imported  hei'e,  though  its  value 
as  mining  timber  in  South  Africa  should  be  considerable,  and  I  imagine 
that  there  will  be  no  more  cut  than  will  satisfy  local  wants.  Its  proper 
place  is  at  home.  The  specimen  was  a  15-inch  plank,  much  shaken, 
with  a  very  bad  ring  crack  causing  the  heart  to  commence  shell  ing  out. 
Not  a  native  wood.  Knots  large  and  ragged.  Weight,  36 '08  Ib.  per 
cubic  foot  (Unwin),  or  about  62  cubic  feet  per  ton. 

No.  4.  Clanwilliam  Cedar  (GaUitris  arborea,  AV.). — I  imagine  there 
is  an  error  in  the  name  of  this  tree ;  should  it  not  be  Thuja  ctipress- 
oides  ?  This  tree  belongs  to  the  Pine  and  Cypress  family  (Conifero  ). 
The  sample  was  a  shaky  plank  8  inches  wide  and  4  inches  thick,  and 
it  was  difficult  to  obtain  a  sound  board  1  inch  by  24  inches  by  -4  inches 
out  of  it.  The  sawing  is  a  rapid  operation  accompanied  by  a  powerful 
spicy  cedar4ike  odour,  which  is  very  agreeable  when  not  too  strong. 
It  planes  very  well  and  rapidly,  though  much  harder  than  any  other 
kind  of  cedar.  It  is  a  white  or  nearly  white  wood,  and  its  only  claims 
to  the  name  of  cedar  are  its  aroma  and  its  presence  in  the  same  natural 
order.  AVhen  cut  in  the  direction  of  the  radius,  i.  e.  quartered,  it 
shows  a  very  pretty  maple4ike  silver  grain,  an  unusual  thing  in  con- 
iferous wood,  the  medullary  rays  in  that  order  being,  as  a  rule,  too 
narrow  and  thin  to  affect  the  appearance  of  the  wood.  I  think  a 
market  can  be  found  for  this  wood  providing  the  logs  can  be  guaranteed 
in  better  condition  than  the  sample  plank.  I  am  sorry  I  have  had  to 
condemn  in  one  way  or  another  all  the  four  specimens  from  the  Western 
Conservancy.  I  hope  this  is  not  all  the  district  can  do. 

(3)  Samples  from  the  Midland  Conservancy. 

No.  2.  Saffraan  or  Crocus  (Elwodendron  cr.oceum). — This  is  the 
same  wood  as  No.  16/121  above,  and  the  same  remarks  apply  through- 
out, except  that  the  colour  is  a  deeper  red,  very  beautiful  when  rough 
from  the  saw,  but  appearing  lighter  when  planed.  This  specimen 
appears  better  grown  than  the  other,  but  as  its  specific  gravity  is 
practically  the  same  there  cannot  be  much  difference.  It  turns  very 
well  by  hand  and  also  by  machine.  The  surface  comes  quite  clean 
ff om  the  tools  like  the  English  pear.  It  polishes  fairly  well  and  easily. 
Weight,  55-74  Ib.  per  cubic  foot  (Unwin),  or  about  39  cubic  feet  per  ton. 

No.  3.  Black  Ironwood  (Olea  laurifolia). — This  is  the  same  as  No. 
3/119,  but  lighter  in  colour  and  a  sounder  plank,  though  by  no  means 
free  from  decay.  Its  colour  is  greyish-brown  and  more  uniform,  but 
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in  the  various  parts  of  the  two  planks  the  depth  of  colour  varies  from 
white  streaked  with  grey  and  dirty  brown,  to  brown  with  occasional 
whitish  lines.  It  works  in  all  respects  the  same,  but  a  trifle  harder 
corresponding  with  the  degree  of  decay  in  each,  which  also  accounts 
for  the  difference  in  the  weight  given  by  Professor  Unwin.  "Weight, 
63-235  Ib.  per  cubic  foot  (Unwin),  or  about  35^  cubic  feet  per  ton.  It 
is  troublesome  to  polish  and  does  not  acquire  a  first-class  surface.  It 
turns  well,  clean  and  smooth,  both  by  hand  and  machine,  but  is  as 
hard  as  lignum  vita?  and  full  of  grit. 

N<>.  4.  Kersehout.  Cherry  Wood  (Pterocelastrus  v<triabi/ii<). — A  tree 
belonging  to  the  Spindle  tree  family  (Cdattracete).  The  wood  of  this 
sample  has  a  plain  whitish-brown  grain,  with  an  inconspicuous  but 
rather  pretty  silver  grain.  The  plank  was  a  fine  one,  14  inches  by 
4  inches  without  a  shake  or  crack,  and  cut  up  about  the  same  as 
English  beech,  with  the  smell  of  lilac  flowers.  Unfortunately  it  proved 
rather  tender  on  one  side.  It  planed  readily  but  a  trifle  hard,  but  the 
surface  is  spoilt  by  the  '  picking  up '  of  the  silver  grain.  This  is  not 
a  good  feature,  as  it  entails  trouble  in  subsequent  operations,  but  it  is 
no  worse  than  teak  or  American  walnut  in  this  respect.  It  polishes 
indifferently  and  is  troublesome,  but  turns  well,  smoothly,  and  clean, 
either  by  machine  or  hand.  Weight,  GG-35  Ib.  per  cubic  foot  (Unwin), 
or  33i  cubic  feet  per  ton. 

No.  7.  Vlier  or  Elder  !<>r'd>nnd<i). — A  tree  of  the  Fig-wort 

family,  ScrophuJuriafef?.  This  is  a  very  hard  wood  of  a  brownish- 
purple  colour,  and  an  inconspicuous  but  rather  pretty  grain.  It  saws 
freely  for  so  hard  a  wood  and  planes  fairly  well.  It  recalls  the  best 
boxwood  in  turning,  and  is  just  as  hard  and  the  surface  is  as  good,  but 
the  grain  is  coarser.  It  takes  a  good  finish,  but  the  colour  is  consider- 
ably altered  in  the  polishing.  It  is  a  very  good  turner's  wood.  The 
specimen  plank  was  fairly  sound.  Weight,  4 4  "035  Ib.  per  cubic  foot 
(Unwin),  or  about  5(H  cubic  feet  to  the  ton. 

No.  s.  Keur  or  Vetch-leaved  Virgilia  (Virginia  <-"/y  x.v,--,  H.  K.). — 
A  common  tree  at  the  Cape,  with  sweet-scented  purple  flowers  and 
silky  leaves,  belonging  to  the  Pea-flower  family,  Leyuminosw,  sub- 
order PdpiJioiw.w-.  The  specimen  was  a  good  sound  plank  12^  inches 
by  4  inches  without  cracks,  but  was  bent  laterally  as  though  by  much 
exposure  to  the  sun  on  one  side.  The  wood  is  very  hard  but  saws 
fairly  well,  accompanied  by  a  pungent  smell.  The  grain  is  very  plain, 
something  resembling  English  birch,  but  even  less  ornamental.  It 
planes  and  turns  like  beech,  and  resembles  it  even  in  the  slight  lustre 
upon  the  surface.  It  turns  rather  badly,  as  the  grain  is  too  open. 
The  polishing  is  consequent!}  difficult  and  the  result  poor.  Weight, 
44-20  Ib.  per  cubic  foot  (Unwin),  or  about  50  cubic  feet  per  ton. 
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No.  9.  Beech-leaved  Assegai  tree  (Curtisea  fayinea,  W.). — This  is 
the  same  wood  as  No.  5/118,  but  is  lighter  in  colour  and  weight.  At 
first  sight  one  would  not  take  the  two  planks  for  the  product  of  the 
same  species.  This  is  a  better  sample  than  5/118,  inasmuch  as  it  is 
a  sound  squared  plank  12  inches  wide,  of  a  rather  purplish-brown 
colour  without  figure.  It  is  a  capital  hard  wood  for  the  hand-turner. 
It  takes  a  smooth  surface  from  the  chisel  and  polishes  readily  and  well. 
It  is  rather  too  brittle  for  the  machine.  Weight,  57'125  Ib.  per  cubic 
foot  (Unwin),  or  3*045  Ib.  lighter  than  5/118.  I  am  inclined  to 
suspect  an  error  somewhere.  There  would  be  about  38|  cubic  feet  to 
the  ton. 

No.  10.  Upright  or  Real  Yellowwood  (Podocarpus  Thunberyil}. 
This  is  the  same  as  No.  8/116,  but  it  is  a  much  better  specimen,  being 
quite  sound.     It  cuts  easily  but  more  solidly,  planes  quickly  and  with 
better  surface,  in   fact  is  superior  in  every  way ;  otherwise  the  same 
criticism  made  in  the  case  of  8/116  applies  equally  to  this  specimen. 

No.  11.  Red  Els,  Alder  or  Elzenhout  (Canonia  capensis). — This 
species  is  not  mentioned  by  Harvey  or  Loudon.  The  specimen  was  an 
exceptionally  fine  one,  being  20  inches  wide  and  4  inches  thick.  These 
proportions,  added  to  a  fine  red  colour,  should  make  it  valuable.  It 
was  also  sound  and  as  hard  as  boxwood.  The  wood  cuts  up  very  hard, 
as  might  be  expected  from  its  density,  but  not  unusually  so.  It  planes 
hard  also,  but  acquires  an  excellent  surface.  It  is  an  excellent  hand- 
turner's  wood.  80  large  a  tree  of  such  hardness,  colour  and  strength 
is  rare,  and  I  think  has  a  distinct  commercial  value.  It  polishes  fairly 
well.  Weight,  46'365  Ib.  per  cubic  foot  (Unwin),  or  about  48  cubic 
feet  per  ton. 

No.  12.  Beukenhout  or  Cape  Beech  (Myrsine  melanophleos,  K.  Br., 
or  ftideroxylon  melanophleum). — A  tree  belonging  to  the  Nightshade 
family  or  tiolanaceo'.  This  is  one  of  the  gems  of  the  series,  and  it  is 
a  pleasure  to  sing  its  praises.  A  more  beautiful  wood  I  have  rarely 
seen,  and  it  has  excited  the  admiration  of  all  to  whom  I  have  shown 
it.  It  is  a  wood  that  could  easily  pass  unnoticed  when  used  for  build- 
ing purposes,  and  it  is  not  until  it  is  polished  that  its  real  value 
becomes  apparent.  The  darker  parts  of  the  grain  then  take  a  deeper 
shade,  while  the  lighter  become  bright  and  strikingly  contrasted.  The 
disposition  of  the  fibres  is  in  the  form  of  a  continuous  network,  narrow 
but  pretty  in  the  tangential  section,  but  broad  and  conspicuous  when 
cut  in  the  direction  of  the  radius.  Fortunately  its  ornamental  value 
is  not  impaired  in  any  way  by  drawbacks  in  woi'king.  It  cuts  up  with 
ease,  planes  very  well,  acquiring  a  fine  smooth  surface  without  the  aid  of 
glass-paper,  and  compares  in  hardness  with  English  oak,  but  it  is  easier 
to  finish.  The  sample  plank  was  not  everything  to  be  desired,  being 
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rather  shaken  at  the  ends  and  bent  laterally ;  both  these  defects  are 
easily  accounted  for  by  defective  preparation.  There  is  money  in 
this  if  backed  with  a  little  enterprise.  This  should  not  be  shipped 
under  the  name  of  Cape  beech,  as  it  will  be  merely  taken  by  bidders 
at  the  sales  for  a  local  form  of  our  European  beech  and  will  fetch  per- 
haps less  than  beech  price  :  it  does  not  resemble  beech,  nor  is  it  related 
to  it  even  in  the  most  distant  way.  Harvey  does  not  mention  a  tree 
of  this  genus,  but  only  shrubs.  It  turns  and  polishes  as  readily  and 
well  as  English  beech.  Weight,  46-05  Ib.  per  cubic  foot  (Unwin),  or 
48£  cubic  feet  per  ton. 

.  Xo.  13.  Outeniqua  or  Common  Yellowwood  (Podo^arpus  elonfjata, 
P.  S.). — This  is  the  same  wood  as  Xo.  1  120,  but  the  specimen,  though 
a  plank  of  magnificent  proportions  26  inches  wide  and  4  inches  thick, 
was  badly  cracked  and  rotten  all  through.  As  the  samples  from  both  the 
Eastern  and  Midland  Conservancies  show  decay,  I  may  be  excused  if 
I  doubt  its  durability.  Xo.  13  was  the  better  plank  and,  although  the 
various  processes  were  gone  through,  the  results  are  not  worth  record- 
ing. It  would  be  as  well  to  assume  that  when  sound  it  would  work 
rather  better  than  Xo.  1/120.  Weight,  30-15  Ib.  per  cubic  foot, 
against  34%10  for  Xo.  1/120  (Unwin),  the  difference  most  probably 
indicating  the  more  advanced  condition  of  decay.  There  would  be 
about  65^  cubic  feet  to  the  ton.  It  polishes  fairly  well,  but  not  easily, 
on  account  of  its  softness.  It  turns  as  easily  as  English  birch,  but 
cannot  be  got  so  smooth,  as  the  fibres  tear  out  hei'e  and  there.  It  is 
not  a  good  turner's  wood,  but  a  better  sample  might  give  a  better 
result.  If  this  wood  bears  a  good  reputation  at  the  Cape  it  might  be 
tried  as  a  substitute  for  the  American  Canary  "Whitewood,  to  which  it 
has  a  strong  resemblance. 

XD.  15..  Stinkwood,  Stinkhout,  Cape  Laurel,  or  Bean-trefoil  (Orotea 
LiiUn.tii.  Xees). — A  tree  belonging  to  the  Laurel  family  (Lawn 
affording,  next  to  a  species  of  Yellowwood,  the  largest  quantity  of 
building  timber  in  South  Africa,  according  to  Harvey.  If  so,  I  beg 
they  will  keep  their  Yellowwood  and  send  us  all  their  Cape  Laurel. 
It  is  much  too  good  for  building  purposes,  and  it  is  a  sheer  waste  to 
use  it  so.  It  is  a  most  beautiful  wood,  something  of  the  colour  of 
walnut,  with  a  lustre  that  makes  it  appear  like  old-gold  satin  in  certain 
lights.  It  takes  a  natural  polish  straight  from  the  planing  machine  or 
lathe,  and  here  and  there  is  to  be  seen  the  "  mottle  "  so  much  prized 
in  mahogany.  It  must  be  confessed  that  it  is  hard  to  work.  The 
30-inch  coarse-toothed  circular  saw  would  not  cut  it,  and  a  fine-toothed 
saw  had  to  be  employed.  It  planes  much  more  freely,  however,  not 
being  very  much  different  to  English  beech,  and  the  trouble  saved  in 
the  finishing  compared  with  such  a  wood  as  American  walnut  would 
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more  than  compensate  for  the  difference  in  the  sawing.  It  has  a 
strong  resemblance  to  walnut,  and  would  soon  command  a  ready  sale 
as  "Cape  Walnut,"  under  which  name  I  should  recommend  its  intro- 
duction. It  turns  extremely  well,  but  in  finishing  it  is  necessary  to 
hold  the  chisel  so  that  it  scrapes,  as  is  the  case  with  many  short- 
grained  woods.  It  polishes  superbly,  and  a  cylinder  which  I  have  on 
my  desk  as  I  write,  and  which  I  am  sending  for  exhibition,  is  an 
extremely  beautiful  object.  There  will  be  a  most  important  future  for 
this  wood  if  handled  properly.  The  freight  would  be  nearly  Is.  Id. 
per  cubic  foot,  dry  weight,  but  the  price  would  easily  cover  this. 
Weight,  5O84  Ib.  per  cubic  foot,  or  about  45  cubic  feet  per  ton. 

No.  16.  White  Els  or  Alder  (Platylopkus  trifoliatus). — I  have 
failed  to  trace  this  genus.  The  sample  was  a  nice  sound  plank  14 
inches  wide  and  4  inches  thick.  The  wood  is  not  ornamental,  having 
an  indefinite  brownish-yellow  colour  with  no  figure,  a  plain,  close,  soft 
grain  and  slightly  vinegary  smell.  It  cuts  up  very  easily  with  the 
saw  as  would  English  birch.  It  planes  readily,  acquiring  a  fairly 
smooth  but  not  a  bright  surface.  It  is  disfigured  occasionally  with 
purple  stains.  It  turns  well,  but  is  tough  and  polishes  indifferently. 
It  is  not  mentioned  by  Harvey  or  Loudon.  Weight,  3 3 '07  Ib.  per 
cubic  foot  (Unwin),  or  about  67^  cubic  feet  to  the  ton. 

No.  21.  Hard  Pear  (Olinia  cymosa,  Tk.  and  Ott.). — A  tree  belong- 
ing to  the  Spindle  tree  family  (Celastracere).  The  specimen  was  a  fine 
plank  for  so  hard  a  wood,  being  20  inches  wide  by  4  inches  thick, 
sound,  without  a  shake  or  crack.  The  wood  has  a  brownish  tinge  and 
a  slightly  striped  grain,  with  some  fine  "  mottle  "  and  a  lustrous  surface. 
It  is  as  hard  to  saw  as  oak,  but  planes  well,  though  there  are  places 
here  and  there  where  the  grain  "  picks  up,"  but  not  deeply,  so  that 
this  is  a  defect  which  can  be  remedied  by  glass-papering.  It  turns  as 
hard  as  lignum  vitfe,  and  the  fibres  are  inclined  to  rip  out  when 
smoothing  with  the  chisel.  Weight,  54-28  Ib.  per  cubic  foot  (Unwin), 
or  41 1  cubic  feet  per  ton. 

No.  22.  White  Pear  (Apodytes  dimidiata). — This  is  the  same  wood 
as  No.  17/122,  and  my  comments  upon  that  sample  are  applicable  to 
this.  The  tests  for  the  two  numbers  were  made  at  an  interval  of 
several  days,  and,  when  compared,  were  practically  identical,  hence  I 
cannot  account  for  the  great  difference  in  weight  shown  in  Professor 
Un win's  Table  (see  p.  280).  The  weight  of  17/122  is  61-325  Ib. 
per  cubic  foot,  while  that  of  No.  22  is  49-03  Ib.,  a  difference  of 
12-295  Ib.  per  cubic  foot.  Such  a  variation  I  have  never  met  with 
in  any  one  species  in  the  dry  weight  of  its  wood.  There  would  be 
about  45|  cubic  feet  per  ton." 
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Jlech a n  ical  Fropert  its. 

The  mechanical  tests  were  undertaken  by  Professor  Unwin,  and  his 
report,  with  a  summarised  statement  of  the  results,  is  given  below : — 

"In  July  1899  I  received  from  the  Imperial  Institute  twenty-five 
planks  of  different  timbers  from  Cape  Colony.  All  these  planks  were 
in  good  condition  and  very  well  seasoned,  drying  cracks  being  present 
only  in  a  few  cases.  In  cutting  out  the  test  specimens  it  was  possible 
to  avoid  the  cracked  portions,  though  in  one  or  two  cases  some  drying 
cracks  developed  afterwards. 
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The  above  results  show  that  from  the  point  of  view  of  mechanical 
strength,  and  suitability  for  use  in  engineering  and  building  construc- 
tion, there  aiv  several  valuable  timbers  amongst  the  serif<  tested.  The 
be-t  timlxrs  for  constructional  purposes  are  those  which  combine 
strength  with  lightness,  that  is,  which  give  high  strength  co-efficients 
in  proportion  to  their  weight  per  cubic  foot,  and,  in  this  respect, 
all  the  timbers  appear  to  be  of  very  fair  quality. 

Sneezewood  proves  to  be  the  strongest,  but  is  also  the  heaviest,  of 
the  Cape  timbers.  This  timber  has  long  had  the  reputation  of  being 
very  durable  and  resistant  to  destructive  influences. 

Iron  wood  is,  in  point  of  physical  strength,  practically  equal  to  the 
above,  being  at  the  same  time  of  slightly  lower  specific  gravity.  The 
ironwood  tree  is  described  as  of  smaller  dimensions  than  the  sneeze- 
wood,  and  not  so  widely  distributed  throughout  the  Colony. 

Xext  in  importance,  according  to  the  above  results,  are  stinkwood 
or  Cape  laurel,  assegai,  saffraan,  and  white  pear,  the  fir^t  two  being 
especially  noticeable. 

Keur,  vlier,  hard  pear,  blue  gum,  kersehout,  red  els,  and  cluster  pine 
are  all  timbers  of  very  fair  strength  in  proportion  to  their  weight  per 
cubic  foot.  Kersehout,  keur,  and  hard  pear,  however.  <how  very  low 
figures  in  the  bending  and  crushing  tests. 

1  pright  or  real  yellowwood  and  outeniqua  or  common  yellowwood 
give  the  lowest  figures  in  the  mechanical  tests,  but,  at  the  same  time, 
they  have  the  lowest  specific  gravities.  There  is  no  doubt  that,  for 
lightness  combined  with  fair  strength,  these  yellowwoods  compare 
favourably  with  many  timbers  commonly  used  for  light  building  work.'' 


TIMBERS  (BRITISH   GUI  AX  A). 

The  following  timers  from  British  Guiana  have  been  submitted  to 
examination  in  the  usual  way  :  — 

Greenheart.  Simaruba. 

Souari.  Hackia. 

Light  Brown  Cirouballi.  Crab  wood. 

Kabuoalli.  Kuriballi. 

Mora.  Wallah  Wood. 

Locust  Wood.  Bullet  Wood. 

Short  descriptions  of  the  most  abundant  trees  and  timbers  may  be 
given. 

Wallah  (Eperua  falcatn,  Aubl). — This  tree  grows  abundantly  in 
loose  sandy  soil,  over  extensive  tracts  of  country  ;  its  wood  is  well 
known  throughout  the  Colony,  and  is  used  for  frames  for  houses,  vat 
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staves,  paling  staves  and  shingles,  both  for  colonial  use  and  for  export 
to  the  neighbouring  colonies.  The  average  height  of  the  tree  is  80 
feet,  and  it  can  be  had  to  square  20  inches,  free  of  sap. 

Morawood  (Mora  rxcelsa,  Schom.). — The  Mora  tree  is  prominent 
among  the  most  abundant  woods,  indigenous  to  this  Colony  ;  the  height 
of  the  trees,  before  the  branches  are  reached,  ranges  from  GO  to  90 
feet.  The  wood  is  ranked  among  the  first-class  woods  at  Lloyd's ;  it 
is  very  close-grained,  and,  when  clear  of  sap,  is  very  durable,  whether 
in  or  out  of  water.  It  is  strong,  tough,  not  liable  to  split,  and  has 
never  been  known  to  be  attacked  by  dry  rot ;  it  is  considered,  there- 
fore, by  competent  judges,  to  be  superior  to  oak  and  African  teak,  and 
to  vie  in  every  respect  with  Indian  teak. 

Greenheart  (Nectandra,  Rodioei,  Hook.). — Greenheart  is  a  tall  forest- 
tree  growing  in  clay  soils  near  the  rivers  and  creeks,  from  which  logs 
may  be  obtained  from  18  to  24  inches  square  and  70  feet  long.  Owing 
to  the  great  demand  for  the  timber  and  the  want  of  legal  restrictions 
to  prevent  the  cutting  of  young  trees,  good  greenheart  is  becoming 
more  and  more  difficult  to  obtain.  Greenheart  is  one  of  the  eight  first- 
class  woods  at  Lloyd's. 

Ballet  Wood  (Mimusops  Kauki,  Linn.). — This  tree  grows  plentifully, 
especially  in  Berbice,  where  it  reaches  5  feet  in  diameter  and  a  height 
of  100  feet.  It  can  be  had  to  square  42  inches,  free  of  sap.  During 
the  time  that  windmills  were  used  in  British  Guiana  the  Bullet-tree 
wood  was  considered  to  be  the  best  wood  for  the  arms  of  a  windmill. 
The  gum  known  as  "  balata  "  is  obtained  from  this  tree.  The  wood  is 
dark  red,  close-grained  and  solid,  and  very  durable  when  free  of  sap. 
The  bark  is  used  medicinally  by  the  Indians. 

Characters  and   Working  Qualities. 

The  specimens  were  examined  by  Mr.  Allan  Ransome,  who  reported 
as  follows : — 

"The  timbers  reported  on  were  sent  for  the  purposes  of  testing  in 
March  last,  but  as  they  were  far  too  green  for  any  reliable  tests  to  be 
made  with  them  at  that  time,  they  were  kept  in  a  dry  place  for  six 
months,  and  were  then  broken  down  into  4-inch  planks;  but  being 
still  too  wet  to  furnish  reliable  results,  they  were  kept  for  a  further 
period  of  four  months  before  being  submitted  to  trial.  Pieces  of  each 
of  the  logs  were  passed  through  various  machines,  and  although  still 
far  from  being  properly  seasoned,  they  were  sufficiently  so  to  allow  of 
an  opinion  being  formed  as  to  their  practical  value  for  various  purposes. 
Of  the  ten  logs,  no  less  than  seven  already  showed  undoubted  signs  of 
decay,  although,  as  above  stated,  they  are  not,  even  now,  nearly  as  dry 
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as  they  should  be  to  be  worked  up  for  any  practical  purposes.  The 
development  of  this  tendency  to  rot  so  soon  after  the  timber  has  been 
felled  may  be  due  to  one  of  three  causes  : — It  may  be  owing  («)  to  the 
trees  having  been  felled  when  full  of  sap ;  (b)  to  the  timber  having 
been  grown  in  a  marshy  locality  ;  or  (c)  to  some  inherent  qualities  in 
the  woods  which  make  thorn  liable  to  rapid  decay.  If  the  defect  in 
question  is  due  to  the  first  of  the  above  causes,  it  could  be  remedied  by 
felling  the  trees  in  the  winter  season,  but  if  it  is  ascribable  to  either 
of  the  other  causes  mentioned,  it  will  be  a  serious  drawback  to  the  use, 
for  anv  permanent  structures,  of  such  descriptions  of  timber  as  have 
already  shown  signs  of  decay.  All  these  ten  sample-logs,  without 
exception,  were  very  easily  worked  by  machinery,  the  hardest  of  them, 
viz.  greenheart,  being  quite  as  easy  to  saw  and  plane  as  the  average 
quality  of  English  oak,  while  the  majority  of  the  other  samples  are 
worked  quite  as  easily  as  mahogany  and  cedar.  The  following  remarks 
represent  the  results  of  the  tests  : — 

Greenheart  (Nectandra  Rodicei). — The  sample  submitted  was  straight- 
grained  and  sound,  but  much  softer  than  the  greenheart  hitherto  used 
in  this  country,  and  not  so  durable.  Hence  it  is  not  so  well  suited  for 
dock  gates,  for  which  purpose  greenheart  is  chiefly  used. 

Souari  (Cfrrijocnr  tomentosum). — This  might  serve  for  some  descrip- 
tions of  heavy  timber  constructions  of  temporary  character,  but  as  the 
sample  submitted  already  showed  signs  of  decay,  it  would  probably  be 
too  perishable  for  permanent  structures. 

Light  Brown  Cirouballi  (X?<-t<indrn  sp.). — A  very  poor  wood  indeed, 
the  sample  submitted  being  already  rotten. 

Kabucalli  (Goupia  tomentosa). — A  coarse  timber,  emitting  an  ex- 
tremely disagreeable  smell  when  being  worked.  The  sample  was  very 
cross-grained,  but  as  it  is  a  tough  wood  and  does  not  show  signs  of 
decay,  it  should  lx>  suitable  for  sleepers,  fencing  posts,  and  similar 
outside  work. 

Mora  (Mora  e.rceha). — A  good,  sound,  serviceable  wood,  suitable  for 
railway  carriage  and  wagon  work  and  heavy  constructions,  also  for 
inside  joiners'  work,  and  the  cheaper  descriptions  of  furniture. 

Locust  Wood  (Hymenaea  Courbaril). — A  mild,  sound,  straight- 
grained  wood,  suitable  for  furniture,  inside  joiners'  work,  and  numerous 
other  purposes. 

Simaruba  (Simaruba  ojjicwalis). — A  very  poor  timber,  somewhat 
resembling  poplar.  The  sample  submitted,  although  not  sufficiently 
seasoned  to  lie  fit  for  use,  already  showed  undoubted  signs  of  decay, 
and  cannot  therefore  be  recommended  for  structural  work. 

Hackia  (Lrora  ferr?a). — A  good,  sound,  straight  grained  timber, 
suitable  for  railway  carriage  and  wagon  work,  or  for  heavy 
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constructions.  It  might  also  be  used  for  cogs  and  shafts,  or  for 
sleepers. 

Crab  wood  (Carapa  guianensis). — Resembles  cedar,  and  would  be 
useful  for  inside  joinery  and  for  the  cheaper  descriptions  of  furniture. 

Euriballi. — Something  like  a  very  inferior  mahogany.  The  sample 
submitted,  although  still  far  too  green  for  use,  shows  signs  of  decay. 
It  might  be  used  for  cheap  furniture  and  inside  joinery." 

Mechanical  Properties. 

Professor  Umvin  has  furnished  the  following  report  giving  the 
results  of  the  mechanical  tests  : — 

"Twelve  planks  of  different  timbers  were  received,  through  the 
Imperial  Institute,  in  November  1896,  and  were  submitted  to  examina- 
tion in  the  usual  way. 

Greenheart  (Nectandra  Roduid). — The  plank  had  a  bad  shake 
extending  the  whole  length  of  the  plank  near  the  heart.  The  timber 
was  imperfectly  seasoned. 

Souari  (Caryocar  tomentosum). — The  timber  had  large  knots  nearly 
in  the  centre,  and  was  very  wet. 

Light  Brown  Cirouballi  (Xivtandra  sp.). — There  were  shakes  near 
the  heart,  extending  the  whole  length  of  the  plank. 

Mora  (Morn  r.n-dsa). — This  plank  had  bad  shakes  at  each  end  near 
the  heart. 

Kabucalli  (Goupia  tomentosa). — A  sound  plank,  but  extremely  wet. 
This  timber  had  a  strong  and  pungent  odour. 

Locust  (Hymentea  Courbaril). — This  plank  had  a  bad  shake  near 
the  heart. 

Simaruba  (Simaruba  officinatts). — This  plank  was  almost  split  to 
pieces  by  shakes. 

Hackia  (Siderodendron  triflorum  or  Ixoraferrea,  Benth.). — Two  bad 
shakes. 

Crabwood  (Carapa  guianensis). — Very  bad  heart  shakes. 
Euriballi — Bad  heart  shakes. 

The  test  pieces  were  so  cut  as  to  secui'e  their  being  sound,  so  far  as 
could  -be  seen.  They  were  kept  about  a  month  in  a  dry  cool  place ; 
some  of  the  transverse  pieces  split  in  drying  so  much  that  they  were 
useless  for  testing.  The  following  table  gives  the  results  of  the 
tests : — 
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Name. 

Weight 
per  Cubic 
Foot 
Ib. 

Crushing 
Strength. 
Tons  per 
sq.  in. 

Coefficient 
of  Trans- 
verse 
Strength. 
Tons  per 
sq.  in. 

Shearing 
Strength. 
Ib.  per 
sq.  in. 

Coefficient 
of 
Elasticity. 
Tons  per 
sq.  in. 

Wallah  Wood  (Epcru*  nil:<i.t«) 

52-06 

8-125 

750 

1171 

Mora  Wood  (Moi-a  'wlsa) 

T64-76 
.  31 

(5  -338 
X3-143 

T9-425 
\6-144 

f!464 
\1021 

(  1465-1 
X  1085  -8 

Greenheart  (Nectandra  Rodieei) 

/76'54 
[74-94 

f  5-178 

X3-585 

J8-97 
\8'61 

f  929-9 
X  1040-4 

/1286 
X1092 

Souari  (Caryocar  tornenJtosum) 

69-36 

3-049 

5-87 

-4-5 
X  1027-0 

1050-6 

Cirouballi  (No-Jandra  species)  . 

41-18 

--       - 

3-56 

f  437 

44-8 

694 

Kabucalli  (ffoiipia  tomenlosa}  . 

74-43 

3-399 

4-21 

/  810 
U300 

672 

Bullet  Wood  (Mimt(.soj)s  Ka.uk!) 

80-97 

4-771 

8-584 

1108 

1097 

Locust  (Hyititnaxi  Coin-bar  -if)  . 

58-58 

5-408 

8-132 

X  908-6 

1018 

Simaruba   Si  >/»:'.  ruba  officinaJis) 

28-35     , 

1-785 

4-360 

f  429-1 

X  ••' 

604-3 

Hackia  (Siderortendron  tflf.'tfv.ni)    . 

65-81 

2-364 

'7-8 
X1188-2 

fl!08-9 
X  945-3 

Crabwood  (Cti.rapa  yuianensi?) 

46-25 

3"2i'7 

8-646 

967-7 

— 

Euriballi         

49-36 

4  -038 

4-810 

11138-3 
X   776-9 

— 

The  two  l^est  timljers,  lx>th  absolutely  and  relatively  to  their  heavi- 
t-e  Locust  and  Greenheart.  Xext  to  these,  the  Hackia.  Souari 
and  Mora  show  good  strength  and  elasticity.  It  is  possible  that  the 
Crabwood  and  Euriballi  would  have  shown  fair  results,  as  the  crushing 
strength  is  moderately  high  :  unfortunately  the  transverse  test  pieces 
split  so  in  drying  that  they  could  not  be  used. 

Kabucalli  shows  low  strength  results,  considering  its  weight,  and 
the  light  timbers,  Simaruba  and  Cirouballi,  are  not  very  satisfactory." 

TIMBERS   (BRITISH   HONDURAS). 

Specimens  of  fifteen  of  the  principal  timbers  of  British  Honduras 
having  been  forwarded  to  the  Imperial  Institute,  the}*  were  examined 
for  the  purpose  of  ascertaining  their  mechanical  properties.  The 
following  is  a  list  of  the  timbers  received  : — 

Santa  Maria  (CalophyUnm  Cabbage  Bark  (Andira  iiwrmis). 

L'ulaha).  Redwood. 

Turtle  Bone.  Billy  AVeb. 

Bullet  Wood.  Locust  Wood. 

Salrn  Wood.  Graiiaclilla. 

Purple  Heart.  John  Crow  Wood. 

Black  Maya.  Habing. 

Dogwood  (Piscidia  species).  Black  Poison  Wood. 
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Mechanical  Properties. 

Professor  Unwin  has  furnished  the  following  report  upon  the  results 
of  the  mechanical  tests  : — 

"Fifteen  logs  of  timbers  sent  from  British  Honduras  were  received 
in  May  1898.  They  were  round  logs  about  4  feet  long,  and  not  of 
very  great  diameter.  Some  of  them  were  a  good  deal  split  by  drying 
cracks,  especially  near  the  ends. 

As  they  were  not  very  large  it  was  decided  to  saw  from  each  the 
best  transverse  test  piece  possible  about  three  inches  square.  From 
the  smallness  of  the  logs  and  the  necessity  of  cutting  away  split 
portions,  all  these  transverse  test  bars  either  contained  the  heart  of  the 
log  or  were  cut  very  near  the  heart.  When  these  transverse  test  bars 
had  been  broken  near  the  centre,  the  compression  and  shearing  test 
pieces  were  cut  from  their  ends. 

Most  of  the  logs  had  drying  cracks  when  received,  and  in  some  cases,  as 
noted,  the  test  specimens  cracked  more  or  less  when  prepared  for  testing. 

In  the  log  of  Salm  Wood  there  were  some  insect  burrows,  and  the 
log  of  Cabbage  Bark  was  perforated  by  burrows  in  all  parts. 

BRITISH  HONDURAS  TIMBERS. 


Wei.'lit       Coefficient  of 
,  'r,:        Transverse. 
Name.                            1>Cw    }             Strength. 
F^-            Tons  per 

-s<|.  in. 

Ultimate 
Deflection, 
inches. 

Shearing 
Strength. 
Ib.  per 
sq.  in. 

Crashing 
Strength 
Tons  per. 
sq.  in. 

Salm  Wood           .         .         .         37  "9             4  -51 

•076 

672 

1-82 

Locust          .         .         .         .         49'9              4'54 

•043 

1254 

2-23 

Redwood      .         .         .         .         52  "5             3  '81 

•055 

649 

2-09 

Santa  Maria          .         .         .         52  "9              5  '15 

•059 

493 

2-61 

Cabbage  Bark       .         .         .         56  '9              2  '01 

•080 

717 

1-98 

Dogwood      .         .         .         .         56-9             374 

•090 

874 

2-04 

Habing         .         .         .         .         58  '4             3  -97 

•068 

829 

3-02 

John  Crow   .         .         .         .         60  '1             3  '76 

•059 

829 

2-97 

Granadilla   ....         60  -5             474 

•044 

963 

4-16 

Billy  Web    .         .         .         .         61  "5             910 

•030 

1185 

4-51 

Purple  Heart        .         .         .         637             5  "93 

•035 

851 

8-11 

Black  Maya           .         .         .         64  "8              5  '39 

•048 

874 

278 

Turtle  Bone          .         .         .          65  '0              4  '44 

•067 

1075 

2-22 

Black  Poison        .         .         .         657              4  '53 

•074            739 

2-64 

Bullet  Wood         .         .         .         70-9             3'41 

•096 

1232 

2-40 

Relatively  to  the  weight  per  cubic  foot  the  mechanical  properties  of 
the  following  woods  seem  good  : — 

Locust.  Granadilla. 

Santa  Maria.  Billy  Web. 

Purple  Heart. 

The  deflection  of  Billy  Web  and  Purple  Heart  is  small,   so   that 
possibly  they  are  deficient  in  toughness." 
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TIMBERS  (QUEENSLAND). 

In  February  1898  seven  logs  of  Queensland  timbers  were  received 
by  the  Imperial  Institute,  and  have  been  submitted  to  the  usual  tests 
in  order  to  determine  their  mechanical  properties.  The  specimens 
were  :  — 

20.  Cr..w\  Ash.  28.  Blood  Wood. 

26.  Iron  Bark.  29.  Blue  Gum. 

Spotted  Gum.  30.  Black  Butt. 

31.  Tallow  Wood. 

The  following  is  a  short  summary  of  the  information  available 
regarding  the  princijxil  of  these  timbers : — 

20.  Crow's  Ash  (/7» />":  -'/•«•//{*,  R.  Br.). — A  tall  tree,  attaining 

a  height  of  150  feet.  Its  timber  is  yellow,  close-grained,  very  hard 
and  durable,  and  does  not  rust  iron. 

27.  Spotted   Gum   (Eucalyptus    macufata,    Hooker). — A  handsome 
tree,  reaching  150  feet  in  height.     The  wood  is  of  a  light  grey  colour; 

employed    in    shipbuilding,   and   in   wheelwrights'  and    coopers' 
work. 

28.  Blood  Wood  i  Ewxlyptus  corymbosa,  Smith). — This  is  one  of  the 
commonest    Ewibjpts   in    Queensland.      A    tall    tree,    with    a   rough 
furrowed  bark  and  a  dark  red  wood,  soft  when  fresh,  but  very  hard 
when  dry,  and  containing  large  cavities  filled   with  gum.     The  wood 
is  durable  underground,  and  is  therefore  extensively  used  for  fence- 

and  railway-sleepers. 

29.  Blue  Gum  (Ew<ihjpt<>  row,  Smith). — This  tree  is  called 
"  blue  gum  "  from  the  colour  of  its  bark,  but  it  differs  from  the  blue 
gum   tree  of  Victoria  and  Tasmania,   which  is  Eucalyptus  globubis, 
Labill.     The  tree  attains  a  height  of  160  feet ;  the  wood  is  of  a  red 
colour,  close-grained,  tough,  and  durable. 

30.  Black   Butt  (Ew:nlyptus  piluluris,   Smith). — A   large   tree,  the 
bark  persistent  at  the  base,  but  falling  off  in  strips  from  the  upper 
part  of  the  trunk  and  branches.     Its  timber  is  of  a  light  grey  colour, 
hard,  tough,  and  durable.     It  is  much  used  for  flooring-boards,  rail- 
way-si eepers,  and  telegraph  poles. 

Mecha it ic'.'.l  Properties. 

Some  of  the  timbers  available  for  testing  were  rather  wet  ;  they 
were  therefore  cut  up  into  suitable  pieces  and  placed  in  a  warm  room 
with  free  access  of  air.  to  season  them  as  far  as  possible.  The  results 
of  the  mechanical  tests,  conducted  by  Professor  Unwin,  are  summarised 
in  the  following  table  : — 
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TIMBERS. 


Weight 

Coefficient 
Cruslmig             of 

Shearing 

C<  efficient 

Name. 

per  Cubic 
Foot. 
Ib. 

Strength. 
Tons  per 

Sq.  ill. 

Transverse 
Strength. 
Tons  per 

sq.  in. 

Strength. 
Pounds  per 
sq.  in. 

Elasticity. 
Tons  per 
sq.  in. 

Crow's  Ash^Flindcrsia  in/xlrnlix)    . 

77-82 

4-546 

7-031 

1388 

960-2 

Iron  Bark 

( 

70-46 

4-005           7-049 

1525 

105-6 

Spotted  Gum  (. 

Kui-itJi/jiti 

in  maciilida) 

71-70 

3-785           6-424 

966 

927-5 

Blood  Wood  (I 

lucali/ptu 

s  I-IH  'iiiii  IHIXII]       72'60           4'487           7'.">7~> 

1375 

1023 

Blue  Gum  (Eucalyptus  tcrcticornix)  .       61  '13           2  '274           3'574 

1142 

371-4 

Black  Butt  (Eucalyptus 

pilularis)  .       5  9  "3  6 

3-752           5-788 

806 

1152 

Tallow  Wood  . 

70-50           4-018           5-486 

1385 

896-2 

TIMBERS   (TASMANIA). 

Specimens  of  three  Tasmanian  timbers,  viz.,  Stringy  Bark,  Black- 
wood  and  Myrtle  Wood,  have  been  examined,  and  their  mechanical 
properties  ascertained.  The  following  short  descriptions  of  the  trees 
and  timbers  may  be  given  :  — 

22.  Stringy  Bark  (Eucalyptus  obliqua,  L'Heritier). — This  tree,  which 
is  generally  designated  Messmate  tree  in  Victoria,  often  attains  a  height 
of  300  feet   with  a  stem  more  than   10  feet  in  diameter.     It  grows 
chiefly  in  mountainous  districts  with  a  poor  dry  soil.      The  wood  is 
extensively  used  for  cheap  fencing-rails,  palings,  shingles,  and  other 
rough  woodwork,  but  is  not  adapted  for  use  underground.     The  fresh 
bark  is  said  to  contain  from   11   to  13i  per  cent,  of  kino-tannic  acid, 
and  the  dry  leaves,  according  to  Mr.  Maiden,  yield  about  1 7  per  cent. 

23.  Blackwood    (Acacia    melanoxylon,    R.    Brown). — This    tree    is 
generally  known  as  the  Blackwood  tree,  but  sometimes  passes  under 
the  inappropriate  name  of  the  Lightwood   tree.     In  irrigated   glens, 
Avhere  a  deep  soil  exists,  it  often  attains  a  height  of  80  feet  with  a 
stem  several  feet  in  diameter;  logs  12  feet  by  4  feet  are  occasionally 
obtainable.      The  timber  is  valuable  for  furniture,  railway  carriages, 
boat-building,  pianofortes  (for  sound-boards  and  actions),  and  numerous 
other  purposes.     The  fine-grained  wood  is  cut  into  veneers ;  it  takes 
a,  fine  polish,  and  is  considered  equal  to  walnut.     The  tree  has  been 
successfully  grown  in  the  Isle  of  Arraii  (Rev.  D.  Landsborough). 

24.  Myrtle  Wood  (Fagus  Cunninghamii,  Hooker). — This  is  a  magni- 
ficent evergreen  tree,  and  is  really  the  beech  of  Tasmania  and  Victoria, 
though  the  timber  is  known  in  trade  as  Myrtle  wood.     The  tree  occa- 
sionally reaches  a  height  of  200  feet,  with  a  basal  stem-girth  of  40  feet. 
It  grows  in  cool,  damp,  rich  forest  valleys.     The  wood  is  easily  worked, 
is  much  used  in  carpentry,  and  is  in  especial  repute  for  saddle-trees. 
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The  following  is  Professor  TTnwin's  report  upon  the  results  of  the 
mechanical  tests  : — 

The  logs  were  large  enough  to  permit  the  cutting  of  good  test  speci- 
mens. They  were  carefully  marked  out  and  sawn  so  as  to  afford  test- 
bars  for  tension,  shearing,  compression,  and  bending. 

Although  the  logs  were  superficially  dry,  it  became  obvious  in  sawing 
them  that  two,  at  any  rate,  were  imperfectly  seasoned.  The  Stringy 
Bark  log  especially  was  very  wet.  It  was  thought  desirable,  therefore, 
to  make  a  test  of  the  dryness.  The  amount  of  moisture  in  the  wood 
was  so  large  that  it  was  decided  to  keep  the  transverse  and  com- 
pression specimens  exposed  to  the  air  in  a  warm  dry  place  for  three 
months,  before  proceeding  with  the  tests.  After  testing,  the  loss  by 
drying  was  again  determined.  It  will  be  seen  that  two  of  the  logs  had 
thus  materially  increased  in  dryness,  the  compression  specimens  having 
lost  more  moisture  than  the  transverse  specimens,  which  was  to  be 
expected,  as  the  former  were  smaller  and  shorter  than  the  latter. 

T.VSMAXIAX  TIMBERS. 


Name. 

Weight 
per  Cubic 
Foot. 
Ib. 

Crushing 
9       gth. 
Tons  per 
sq.  in. 

Shearing 
Ettnn. 
Pounds  per 
sq.  in. 

Coefficient 
of 
Transverse 
Strength. 
Tons  per 
sq.  in. 

Coefficient 
of 
Elasticity. 
Tons  per 
sq.  in. 

Moisture 
(per  cent.)- 

Stringy  Bark  (jBiuaiyptv* 

obliqua) 

66-4 

_  n 

1,066 

4-727 

1.202 

52-9 

Blackwood  (Acacia 

melanwtflon) 

63-5 

3-257 

1,537 

5-454 

1.064 

45-6 

Myrtle  Wood  (Fagus 

Cuiininyhamii)    . 

52-45 

2-580 

1.247          4-065 

28-1 

TIMBERS  (NATAL). 
The  following  timbers  from  Natal  have  been  submitted  to  mechanical 


>:— 


White  Ironwood. 
Red  Milkwood. 
White  Pear. 


Sneezewood. 
Blackwood. 
Flat  Crown. 


A  -hort  summary  of  the  available  information  regarding  the  trees 
and  timbers  may  be  given. 

White  Ironwood  (Toddalia  lanceolate,  Lam.). — This  is  a  large 
clean  timber,  but  inclined  to  fork.  Trees  are  met  with  up  to  60  feet 
in  height,  and  5  feet  in  diameter.  In  toughness  the  wood  may  be 
i.  u 
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regarded  as  the  "Ash  "  of  the  South  African  forests.  It  is  used  exten- 
sively for  axe-handles  and  all  parts  of  a  wagon  where  a  tough  elastic 
wood  is  required.  For  the  tent-hoops  of  wagons  it  is  as  tough  and 
light  as  hickory.  The  bark  is  thin  and  crumbling,  becoming  corky  at 
the  base  of  old  trees.  It  does  not  withstand  exposure  to  water. 

Red  Milkwood  (Jlinnisops  oborata,  Sond.). — The  trees  range  in 
height  from  15  to  25  feet,  and  in  diameter  from  18  inches  to  2  feet. 
The  bark  is  thin  and  smooth,  the  wood  is  yellowish-white,  close-grained, 
tough,  hard  and  durable.  It  is  chiefly  used  in  the  Colony  for  felloes, 
axles,  and  other  parts  of  wagons. 

White  Pear  (Pterocelastrus  rostratns,  Walp.). — The  trees  are  from 
20  to  30  feet  high,  and  from  1  to  2  feet  in  diameter.  The  bark  is 
light  grey,  smooth  and  thin;  the  wood  is  hard,  close-grained,  and  heavy, 
liable  to  split,  but  strong  across  the  grain. 

Sneezewood  (Ptceroxylou  utile,  E.  and  Z.). — Sneezewood  is  perhaps 
the  most  valuable  tree  in  South  African  forests,  it  being  much 
esteemed  there  for  wagon-making  and  cabinet  work,  but  the  irregu- 
larity of  its  growth  precludes  its  use  for  heavier  work.  The  wood, 
which  is  of  a  light  yellow  colour,  is  reported  by  Mr.  Allan  Ransome  to 
be  hard,  heavy  and  durable.  The  sample  tested  worked  well;  a  square 
post  was  sawn  out,  planed,  and  mortised,  and  some  mouldings  struck  at 
a  comparatively  slow  rate  of  feed.  The  heartwood  is  not  attacked  by 
the  white  ant  or  the  teredo,  and  is  therefore  most  valuable  for  fencing- 
posts,  and  piles.  The  timber  is  plentiful  both  in  Cape  Colony  and 
Natal,  and  could  be  readily  conveyed  to  the  ports  for  shipment. 

Black  Ironwood  (Olea  laurifolia,  Lam.). — This  is  a  straight-growing 
ti'ee  ranging  from  40  to  70  feet  in  height,  and  from  2  to  3  feet  in 
diameter.  Its  bark  is  whitish  and  smooth,  the  wood  is  very  hard, 
and  sapwood  and  heartwood  are  very  distinct.  The  former  is  white, 
the  latter  almost  black  and  streaked  with  wave-like  markings.  The 
trunk  is  usually  single  to  a  height  of  40  to  60  feet,  where  it  throws 
out  many  branches.  The  heartwood  is  almost  imperishable,  and  nearly 
equal  to  lignum  vita?  in  durability.  It  is  used  extensively  for  the 
framework  of  wagons,  and  is  excellent  for  furniture,  but  hard  to 
work.  Logs  of  this  wood,  when  squared,  should  be  sawn  through  the 
heart,  otherwise  they  split  when  exposed  to  the  sun.  Black  iron- 
wood  is  said  to  be  abundant  in  the  Knysna  forests,  and  in  the 
Amatolas. 

Flat  Crown  (Albizzia  fastigiata,  Oliver). — A  tree  20  to  30  feet 
high,  and  1  to  3  feet  in  diameter,  with  a  spreading  flattened  crown. 
The  wood  is  light,  soft,  compact  and  satiny,  the  heartwood  being  of  a 
light  golden  yellow,  the  sapwood  bluish-white.  The  wood  is  employed 
by  Natal  wagon-makers  in  preference  to  any  other  for  the  naves  of 
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wheels.     A  sauce  is  said  to  be  prepared  from  the  seeds  by  the  natives 
on  the  West  Coast  of  Africa. 

Meghan ical  Properties. 

The  results  of  the  tests  conducted  by  Professor  Unwin  are  summarised 
in  the  following  table  : — 

XATAI.  TIMBERS. 


Coefficient     „_«,„;„„«. 

Weight 

Crushing 

of 

of 

Shearing 

Name. 

per  Cubic 
Foot. 
Ib. 

Strength. 
Tons  per 
sq.  in. 

Transverse 
Strength. 
Tons  per 
sq.  in. 

Ul 

Elasticity. 
Tons  per 
sq.  in. 

Stress. 
Pounds  i>er 
sq.  in. 

White  Iron  wood  (TrxMalia 



60-37 

4-334 

8-565 

772*  £ 

— 

Red  Jlilkwood  (Mimusops  oborata)  . 

52-40 

4-005 

9-517           .S7o'4 

— 

White    Pear  Wood    (Pterocelastrus 

•'if  US)      ..... 

42-84 

3-035 

6-949 

634-9 

Sneezewood  (PtcKroxylon  utile} 

61-11 

5-961 

8-619 

:-_ 

— 

Black  Ironwood  (Olea  laurifolui)     . 

64-68 

4-788 

7-841 

896-0 

— 

Flat  Crownwood  (Attnzziaffwtigiata  )       38  '67 

3-031           6-058           610-2 

1,440 

SELECTED   INDIAN   AND   COLONIAL   TIMBERS. 

The   following   timbers,  abundant  in  certain   of   our  Colonies,  but 
little  known  in  this  country,  have  been  examined  : — 


Kauri  Pine,  Xew  Zealand. 
Locust  Wood,  Montserrat. 
Red  Cedar,  Montserrat. 


Spanish  Oak,  St.  Vincent. 
Indian  Walnut,  Burma. 
Pyinma  Wood,  India. 

Kauri  Pine  (Ay  this  nutti-aUs,  Steud.).  Xew  Zealand. — This  magnifi- 
cent tree  attains,  under  favourable  circumstances,  to  180  feet  in  height 
and  exceptionally  to  17  feet  in  diameter  of  stem,  the  estimated — but 
perhaps  overrated — age  of  such  a  tree  being  700  to  800  years.  It 
furnishes  an  excellent,  remarkably  durable  timber,  straight-grained, 
and  much  in  use  for  masts,  boats,  superior  furniture,  casks,  rims  of 
sieves,  etc.  It  is  particularly  sought  after  for  decks  of  ships,  as  it 
lasts  twice  as  long  as  the  wood  of  many  other  pines.  It  is  also 
available  for  railway-brake  blocks  and  for  carriages,  and  is  regarded 
as  one  of  the  most  durable  among  timbers  of  the  Coniferce.  Braces, 
stringers,  and  tie-beams  of  wharves  have  remained,  according  to  Pro- 
fessor Kirk,  for  very  many  years  in  good  order  under  much  traffic; 
while  in  bridge-building  also  the  Kauri  timber  has  given  excellent 
results  :  it  can  likewise  be  used  advantageously  for  the  sounding- 
boards  of  pianofortes.  Kauri  wood  is  also  used  for  light  handles  of 
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many  implements  and  for  various  instruments,  including  stethoscopes ; 
for  wool  presses,  the  body-work  of  wagons,  butter-casks,  brewers' 
vats;  further,  in  shipbuilding  for  bulwarks,  and  also  for  the  sides  of 
boats.  Auckland  alone  exports  about  ,£20,000  worth  of  Kauri  timber 
annually.  It  is  easily  worked,  and  takes  a  high  polish.  This  tree 
yields  the  Kauri  resin  of  commerce,  which  is  chiefly  gathered  by 
the  Maoris  in  localities  formerly  covered  with  Kauri  forests  ;  pieces 
weighing  a  ton  have  been  found  in  such  places.  The  value  of  this 
resin  exported  from  New  Zealand  in  1883  was  £359,936.  The  varnish 
made  of  it  is  almost  colourless. 

Locust  Wood  (Hymenwa  Courbari^IAma.),  Montserrat. — A  moderate- 
sized  tree,  yielding  wood  of  a  yellowish-brown  colour,  streaked,  close- 
grained,  hard,  and  heavy.  It  takes  a  good  polish  and  is  suitable  for 
cabinet  work  ;  it  also  makes  good  tree-nails  for  fastening  planks  on  to 
ships.  A  fragrant,  amber-like  resin,  known  as  West  Indian  Copal, 
exudes  from  the  stem. 

Red  Cedar  (Juniperus  virginiana,  Linn.),  Montserrat. — A  handsome 
tree,  supplying  a  timber  which  is  dense,  fine-grained,  light,  and  of 
pleasant  odour ;  the  lower  part  is  of  a  beautiful  red  colour ;  it  is  much 
used  for  pencils,  and  is  an  excellent  timber  for  buckets,  tubs,  and  casks. 
The  heartwood  is  almost  imperishable,  and  is  not  perforated  by  insects. 
One  cwt.  of  the  wood  yields,  by  distillation,  on  an  average  28  ounces  of 
a  fragrant  oil  used  in  the  manufacture  of  scented  soaps. 

Spanish  Oak,  St.  Vincent. — The  botanical  name  was  not  supplied 
with  the  specimen. 

Indian  Walnut — Koko  (Albizzia  Lebbek,  Benth.),  Burma. — This  is 
a  large  deciduous  tree,  occurring,  wild  or  cultivated,  in  most  parts  of 
India.  In  South  India  it  is  applied  to  boat-building;  in  the  Andamans, 
where  trees  of  large  size  are  procurable,  it  is  used  for  building  purposes. 
It  is  much  esteemed  in  the  Deccan. 

Pyinma  (Lagerstrcemia  Flos-regime). — A  large  deciduous  tree  of 
Bengal,  Assam,  and  Burma.  The  timber  has  a  light  walnut  colour,  and 
is  used  in  India  for  boats,  canoes,  and  gun-carriages. 
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VARIOUS  TIMBERS. 


Weight         Crashing 

Coefficient  |  Coefficient 
of 

Shearing 

Xanie. 

Source. 

per  Cubic 
Foot. 
Ib. 

^th. 
-  per 
sq.  in. 

Transverse 
Strength. 
Tons  per 
sq.  in. 

Elasticity. 
Tons  per 
sq.  in. 

Strength. 
Pounds  per 
sq.  in. 

Kauri    Pine    ,^lg>tthis 

• 

New  Zealand        37 

2-041 

•2-16 

469-8 

— 

Red  Cedar  (Juniperus 

iiuma) 

Montservat 

31-08 

1-9S4 

3-023 

370-7 

811 

Locust  Wood 

(Hymcnfra  Courbaril) 

*  » 

58-97 

5-17             7-67 

746-3 

1310 

Spanish  Oak 

St.  Vincent 

49-14 

3-883 

578] 

878-0 

1230 

Indian  Walnut 

(Albi-J.-i  L-  ::   ':}    . 

India 

64  -4S 

3-525           6-108 

987-0 

790 

Pyinma;Z«" 

Ti-  •  — 

41-7 


2-759 


44  '1 


TIMBERS    (EAST   AFRICA). 

Ten  samples  of  wood  obtained  from  a  forest  near  Arabuco,  in  the 
Mali ud i  District.  East  African  Protectorate,  were  sent  by  Mr.  Trittuii. 
His  Majesty's  Consul  at  Mombasa,  to  Sir  C.  Eliot,  K.C.M.G.,  His 
Majesty's  Commissioner  and  Consul-General  for  the  East  African 
Protectorate,  who  forwarded  them  to  the  Foreign  Office,  with  the 
recommendation  that  they  might  be  brought  to  the  notice  of  that 
section  of  the  commercial  world  likely  to  be  interested  in  them,  as 
they  appeared  to  represent  the  possibility  of  a  valuable  addition  to  the 
exports  of  the  Protectorate.  Mr.  Tritton  states  that  he  is  informed 
that  the  forest  referred  to  is  about  fifteen  miles  long  by  six  miles 
broad.  Different  qualities  of  timber,  in  addition  to  the  samples  sent, 
could  be  obtained  from  the  forest,  and  he  suggests  that  some  enter- 
prising firm  might  be  willing  to  send  an  expert  from  home  to  judge  if 
it  is  worth  negotiating  with  His  Majesty's  Government  for  a  concession 
to  work  the  forest.  Mr.  Herbert  Stone,  after  examining  the  woods, 
states  : — 

"The  specimens  being  merely  small  pieces  it  has  not  been  possible  to 
subject  them  to  anything  beyond  inspection,  particularly  as  it  was  not 
desirable  to  mutilate  them  in  any  way,  hence  this  Report  is  more  or 
less  superficial.  They  were  all  covered  with  some  kind  of  grease,  which 
obscured  their  true  colour  to  a  great  extent. 

It  is  interesting  to  learn  that  such  excellent  woods  occur  in  so  small 
an  area  as  the  Arabuco  Forest,  the  extent  of  which  I  note  does  not 
exceed  fifteen  miles  long  by  six  miles  wide.  I  should  say  that  it  must 
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be  an  exceptionally  rich  locality  and  would  well  repay  some  enterprising 
firm  to  exploit. 

No.  1.  M'Gambo. — This  is  a  deep  red  wood  streaked  with  darker 
lines.  It  is  about  as  hard  as  maple  and  weighs  63*9  Ib.  per  cubic  foot. 
I  imagine  that  it  is  difficult  to  work,  us  pieces  tend  to  rip  out  when 
planing  with  the  grain,  but  it  works  very  smoothly  across  it.  It  is  a 
passable  furniture  wood  and  its  comparative  softness  and  lightness  is 
in  its  favour. 

No.  2.  M'Rihi. — The  wood  is  closely  allied  to  the  foregoing  and 
certainly  belongs  to  the  same  genus.  It  is,  however,  a  far  more 
beautiful  wood,  being  of  a  rich  red  colour,  with  a  fine  grain  and  a 
smooth,  even  surface.  There  is  no  doubt  whatever  that  this  will  fetch 
a  good  price.  It  will  work  well  in  any  direction,  especially  across  the 
grain,  and  will  polish  superbly.  It  is  rather  harder  than  maple  and 
weighs  57  J-  Ib.  per  cubic  foot,  which  is  not  excessive  for  the  purpose  for 
which  it  would  be  employed. 

No.  3.  Bamba  Kofi. — A  tree  belonging  to  the  Leguminoste  and 
nearly  allied  to  Copaifera.  The  timber  is  good  for  any  kind  of 
furniture,  though  it  does  not  possess  the  beauty  of  most  of  the  other 
members  of  this  series.  It  has  a  very  strong  superficial  resemblance 
to  teak.  From  the  sample,  one  gets  the  impression  that  the  grain  is 
irregular  and  rips  out  when  planing  but  that  it  would  finish  well.  It 
is  about  as  hard  as  teak  and  weighs  52  Ib.  per  cubic  foot.  It  would 
probably  find  a  sale  if  it  has  any  qualities  such  as  durability  and 
strength  to  supplement  its  somewhat  poor  colour. 

No.  4.  M'Pingu. — A  very  fine  specimen  of  African  ebony  and 
undoubtedly  a  Diospyros.  It  has  a  finer  grain  than  most  ebonies  and 
will  be  accepted  without  doubt  as  the  equal  of  any  on  the  market. 
Presuming  that  the  specimen  is  a  fair  sample  I  should  say  that  it  is  a 
better  class  of  ebony  than  the  Niger  ebony,  as  there  is  not  the  least 
shade  of  brown  or  grey  in  it,  the  whole  being  uniformly  as  black  as 
pitch.  Weight  68-2  Ib.  per  cubic  foot.  In  all  other  respects  it  has  the 
well-known  qualities  of  the  genus. 

No.  5.  M'Bebeda. — This  is  from  a  tree  belonging  to  the  same  natural 
order  as  No.  3.  In  appearance  it  resembles  sabicu,  but  is  richer  and 
darker  in  colour  and  would  make  a  fine  furniture  wood.  It  is  as  hard 
as  boxwood  and  heavy,  being  64'1  Ib.  per  cubic  foot.  It  would  probably 
be  a  little  troublesome  to  get  smooth,  as  the  grain  is  soft  in  bands  here 
and  there,  but  it  would  finish  excellently.  I  am  of  the  opinion  that  it 
would  be  readily  accepted  here  and  command  a  good  price. 

No.  6.  M'Khu. — Another  wood  belonging  to  the  same  order  as  the 
foregoing  (Leyuminosie),  and  equally  hard  and  heavy,  being  51 '3  Ib. 
per  cubic  foot.  In  colour  it  is  a  dark  reddish-brown,  with  a  somewhat 
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dull  surface.  An  excellent  furniture  wood,  though  not  equal  to  some 
of  the  others,  and  would  have  rather  more  difficulty  in  finding  its  way 
on  the  market.  There  is  a  large  proportion  of  soft  tissue  readily 
visible  on  the  cross  section,  and  producing  a  rather  pretty  though 
inconspicuous  figure  in  some  cuts.  This  would  make  it  absorbent  and 
rather  more  trouble  to  polish,  but  the  result  would  be  a  good  finish. 
It  also  helps  to  cause  the  '  picking  up '  or  ripping  out  of  the  grain 
when  planing,  as  the  rough  surface  of  the  specimen  compared  with  the 
others  suggests. 

Xo.  7.  Muhuhu. — A  compact,  fine,  even-grained  wood  of  light  colour 
and  moderate  weight  (54  Ib.  per  cubic  foot).  It  has  nothing  to 
recommend  it  in  appearance,  and  would  scarcely  compete  with  similar 
woods  already  on  the  market  unless  it  can  be  imported  at  a  cheap  rate. 
It  may  be  valuable  for  works  of  construction,  but  such  woods  need  a 
record  of  their  virtues  to  induce  buyers  to  consider  them. 

Xo.  8.  M:Gate. — Another  species  belonging  to  the  Leyuminoso1.  In 
colour  it  is  brownish-yellow  of  indifferent,  if  not  unpleasant,  appear- 
ance, and  quite  valueless  as  a  furniture  wood.  It  abounds  in  soft 
tixue  and  has  alternate  layers  of  hard  and  brittle  wood,  the  latter 
evidently  liable  to  rip  out  badly.  It  would  be  troublesome  to  polish, 
if  it  were  worth  it.  The  specimen  is  badly  worm-eaten,  which  is  also 
against  it,  especially  as  the  borings  penetrate  to  the  older  wood.  It 
would  be  throwing  money  away  to  export  this  wood  unless,  as  remarked 
in  connection  with  No.  7,  it  has  a  good  record  for  qualities  not  here 
apparent.  Weight  67  i-  Ib.  per  cubic  foot. 

Xo.  0.  M'Gurure. — A  fine  wood  closely  allied  to  ATKhu  (So.  6), 
belonging  to  the  Legumino*"  and  most  probably  to  the  same  genus. 
It  is  very  dark  red  deepening  to  black  in  parts,  extremely  rich  in 
appearance,  and  would  make  handsome  furniture,  particularly  turned 
work.  In  a  tangential  section  it  exhibits  a  very  pretty  and  delicate 
though  inconspicuous  figure  like  zigzag  fringes,  which  would  come  well 
in  turned  articles,  and  would  resemble  the  markings  seen  in  laburnum 
wood.  The  condition  of  the  sample  suggests  the  common  defect  of 
ripping  out  when  planing,  but  it  must  almost  be  expected  in  this  cla-- 
of  leguminous  woods.  It  would  take  a  fine  polish  with  very  little 
trouble,  as  the  proportion  of  absorbent  soft  tissue  is  very  .small,  the 
surface  is  smooth  and  the  grain  very  fine.  It  will  probably  prove  a 
remunerative  article  for  export.  Weight  62^  Ib.  per  cubic  foot. 

Xo.  10.  M'Guvi. — A  species  of  Mimosa  belonging  to  the  Leguminosce 
which  is  so  well  represented  amongst  these  specimens.  It  is  closely 
related  to  the  timber  commonly  imported  under  the  name  of  'African 
oak,'  but  the  grain  is  much  finer  and  the  proportion  of  white  secretion 
is  very  much  less  and  is  not  ea-sily  seen  except  across  the  grain.  It  is 
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neither  so  hard  nor  so  heavy,  being  equal  to  boxwood  as  regards  the 
former  quality,  and  75  Ib.  per  cubic  foot  by  weight.  The  zigzag 
fringes  so  conspicuous  in  the  African  oak  require  a  little  looking  for 
in  the  specimen,  and  altogether  it  is  less  striking  in  appearance,  but,  to 
my  mind,  a  handsomer  wood.  The  colour  is  rich  red,  with  occasional 
darker  streaks,  and  much  resembles  the  colour  popularly  known  as 
'Spanish  mahogany'  when  oiled,  as  the  sample  appears  to  be.  I 
should  say  that  this  timber  would  be  accepted  as  mahogany  without 
hesitation,  and  will  pay  to  export.  It  has  soft  bands  here  and  there, 
but  properly  treated  they  would  not  be  troublesome.  It  would  take 
a  first-class  finish,  and  may  be  considered  one  of  the  best  of  the 
series. 

It  cannot  be  too  often  repeated  that  the  utmost  care  should  be  taken 
in  selecting  samples.  I  have  often  been  compelled  to  report  adversely 
upon  certain  woods  from  the  condition  of  the  sample  submitted  to  me, 
when  subsequent  enquiry  has  resulted  in  the  discovery  that  they  were 
not,  upon  the  average,  so  bad  as  the  sample.  For  instance — M'Gate 
(No.  8)  is  about  as  unattractive  a  piece  as  one  could  select ;  and  how- 
ever uneven  the  grain  might  be,  it  is  simply  throwing  chances  away  to 
send  a  piece  riddled  with  worm-holes.  One  naturally  concludes  that 
the  timber  is  subject  to  attacks  of  insects,  and  that  as  good  a  piece  has 
been  selected  as  could  be  found.  This  may  be  so  here,  but  in  that  case 
it  might  have  been  omitted  from  the  series,  as  it  could  have  been 
foreseen  that  it  must  be  rejected. 

On  the  whole  the  series  is  a  valuable  one.  If  the  ebony  is  plentiful 
it  would  alone  pay  for  the  exploitation.  It  can  be  obtained  in  pieces 
6  feet  long  by  6  inches  square,  which  is  a  fair  marketable  size  for  black 
wood. 

No  mention  is  made  of  the  relative  abundance  of  each  species,  the 
purposes  for  which  they  are  locally  used,  or  their  character  for  strength, 
elasticity  or  durability.  Failing  more  reliable  sources  the  opinions  of 
the  natives  are  worth  having,  as  they  frequently  exhibit  much  shrewd- 
ness in  their  choice  of  woods.  These  materially  assist  in  recommending 
a  wood,  especially  such  as  do  not  possess  sufficient  ornamental  value  for 
furniture,  and  it  is  these  woods  that  are  useful  for  engineering,  building 
and  works  of  construction  that  are  asked  for  in  large  quantities  and 
help  to  swell  an  exporter's  returns.  Besides  all  this  there  is  no  dearth 
of  furniture  woods,  while  the  supply  of  the  other  class  tends  to 
decrease. 

Appended  is  a  statement  showing  the  approximate  amount  of  solid 
timber  to  be  obtained  from  each  kind  of  tree. 
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No.   1.  M'Gambo  length  about  40  feet  by  18  inches  square. 

..  2.  M'Rihi  „  40  „  24 

,,  3.  Bamba-Kofi  „  10  „  36             „ 

„  4.  MTingu  „  6  „  6             „ 

.,  5.  M'Bebeda  „  16  „  12             „ 

„  6.  M'Khu  „  10  „  9 

,,  7.  Muhuhu  „  16  ,,  10             „ 

„  8.  M'Gate  „  16  „  16 

„  9.  M'Gurure  „  8  „  6             „ 

„  10.  M'Guvi  „  12  „  10 

TIMBERS  (LAGOS). 

The  following  report  on  specimens  of  Lagos  woods  has  been  received 
from  Mr.  Herbert  Stone,  one  of  the  Imperial  Institute  expert  referees 
on  timbers : — 

"  Through  the  kindness  of  the  Governor  of  Lagos  I  have  received 
specimens  of  five  different  kinds  of  wood  from  that  neighbourhood,  a 
few  notes  upon  which  may  be  of  interest.  The  specimens  were  sent  in 
response  to  a  memorandum  of  mine  which  was  transmitted  to  the 
Governor  of  Lagos  by  the  Secretary  of  State  for  the  Colonies,  whose 
support  I  was  fortunate  enough  to  secure.  As  the  specimens  were 
intended  for  a  scientific  purpose,  i.  e.  the  placing  on  record  of  the 
anatomical  characters  in  order  that  the  species  may  be  identified  when 
required,  they  are  not  of  sufficient  dimensions  to  permit  of  a  thorough 
examination  from  a  technical  point  of  view  :  yet,  as  all  but  one  are 
new  to  the  English  market,  even  the  meagre  information  I  am  able  to 
afford  may  be  of  service. 

Ekki. — This  is  the  well-known  'African  oak,'  a  wood  of  great 
hardness  and  density,  and  of  a  deep  red  colour.  The  pores  on  a 
vertical  section  are  filled  with  a  white  deposit  and  contrast  sharply 
with  the  deep  colour  of  the  ground,  while  on  a  transverse  section  they 
appear  as  scattered  whitish  dots :  amongst  these  are  great  numbers  of 
concentric  rings  of  light-coloured  tissue  which  make  their  appearance 
on  the  vertical  section  as  fine  loops  and  zigzag  lines.  It  is  a  first-class 
heavy  fancy  wood,  and,  as  there  is  a  market  for  it  already,  it  may  be 
sent  here  without  risk. 

Iroko. — This  is  possibly  a  species  of  Psychotria,  to  which  genus  the 
structure  points.  It  is  a  brown  wood,  uniform  in  colour,  being  only 
relieved  by  the  pores  which  appear  hoary  from  their  borders  of  lighter- 
coloured  soft  tissue.  It  weighs  394  lb.  per  cubic  foot,  is  straight, 
coarse  and  open  grained,  and  has  a  little  lustre.  It  is  easy  to  work,  a 
trifle  hard  to  saw  and  plane.  The  grain  during  planing  picks  up  one 
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way  of  the  grain,  but  a  smooth  surface  can  readily  be  obtained  the 
other.  It  will  not  take  a  good  finish,  owing  to  the  unusual  circum- 
stance that  ridges  arise  along  the  pores  which  become  more  prominent 
the  longer  the  polishing  is  continued.  Apart  from  merits  which  it 
may  possess  for  structural  purposes  (of  which  the  specimen  is  insufficient 
to  permit  one  to  judge),  it  may  be  said  that  this  wood  will  meet  with 
considerable  difficulty  in  getting  a  footing  on  the  English  market,  as 
there  is  little  in  it,s  appearance  to  recommend  it  as  a  furniture  wood. 

Oganwo,  and  another  unnamed  species  of  mahogany  closely  allied  to 
the  genus  Cedrela.  Both  these  are  practically  indistinguishable  from 
Assinee  or  Axim  mahogany,  and  would  readily  be  accepted  here  as 
'  African  mahogany.'  In  both  working  and  appearance  they  resemble 
that  wood.  The  weight  per  cubic  foot  of  Oganwo  is  34|  lb.,  and  that 
of  the  other  35  lb.;  both  are  very  deep  in  colour,  their  surface  is 
lustrous,  and  their  pores  are  free  from  white  deposit.  They  are  two 
very  excellent  woods,  which  should  prove  remunerative  to  export. 

Opepe  is  a  curious  wood,  unlike  any  other,  both  as  regards  structure 
and  appearance.  It  is  of  a  beautiful  gold  colour,  most  agreeable  to  the 
eye ;  rather  coarse  and  open-grained,  but  extremely  compact,  dense  and 
rather  hard.  Its  surface  has  no  lustre,  and  feels  smooth  and  rather 
cold  as  does  boxwood.  This  compactness  and  smoothness  make  it 
easy  to  polish  to  a  fine  finish ;  spirit  polish  does  not  spoil  the  colour. 
Weight  47]  lb.  per  cubic  foot.  I  think  it  would  meet  with  a  welcome 
here,  but  there  is  not  the  same  certainty  as  in  the  case  of  the  foregoing 
species  of  mahogany ;  it  depends  so  much  upon  taste.  I  think  that  it 
Avoulcl  eventually  find  a  place  after  undergoing  the  same  probation  as 
other  furniture  woods  having  no  striking  merit,  that  is,  after  being 
exported  for  a  time  at  a  loss.  Opepe  is  an  excellent  wood  to  work,  and 
leaves  the  tools  quite  smooth  ;  even  the  saw  leaves  a  clean  surface,  while 
it  scarcely  requires  touching  after  the  plane.  It  cuts  and  saws  much 
more  easily  than  its  hardness  would  lead  one  to  expect.  I  imagine 
that  its  breaking  point  would  be  low,  as  it  appears  to  be  short-grained 
and  brittle." 

TIMBERS  (SOUTH  AUSTRALIA). 

This  series  of  South  Australian  timbers  was  received  through  the 
Agent-General,  having  been  collected  by  Mr.  Walter  Gill,  F.L.S.,  the 
Government  Conservator  of  Forests,  who  has  also  supplied  the  follow- 
ing descriptions.  The  working  qualities  of  the  specimens  have  been 
ascertained  by  Mr.  Herbert  Stone. 

1.  Eucalyptus  goniocalyx  (F.  Mueller),  vernacular  name  "  Bastard 
Box."  References:  Benth.  Flor.  Aust.,  Yol.  III.,  p.  229;  Mueller's 
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Sucalyptograpkia,  1st  Decade;  Mueller's  Select  Extra-tropical  Plunts, 
p.  120. 

A  fair-sized  tree  of  rather  limited  occurrence  in  South  Australia, 
growing  only  in  a  stunted  form  on  the  hill-tops  in  Flinders  Range, 
from  Wirrabara  to  Mount  Remarkable,  and  thence  as  far  north  as 
Mount  Brown,  but  attaining  a  height  of  100  feet  or  more  on  better 
land  in  the  valleys.  An  excellent  timber  is  obtained  from  this  tree, 
suitable  for  telegraph-poles,  fencing-posts,  sleepers,  well-slabs,  felloes, 
naves,  and  other  wheelwrights'  timber.  Weight,  when  seasoned,  from 
about  50  to  60  Ib.  per  cubic  foot. 

Wirrkiiiij  (fti.t'iJifi**. — The  wood  saws  rather  hard  but  freely.  Grain 
very  sinuous.  Smell  slightly  vinegary  when  worked  :  one  specimen 
was  sufficiently  strongly  scented  to  enable  one  to  recognise  the 
characteristic  smell  of  Eucalyptus  oil.  Planes  with  considerable 
difficulty  and  a  good  surface  is  difficult  to  obtain,  the  wood  being 
-grained." 

2.   Eucalyptus    rofti-'if-i    (Schlecht),    vernacular  name   "Red    Gum.'' 
References:   Benth.   Fl»r.   Aust.,  Vol.   III.,  p.   240;  Mueller's    s 
Extrartropical     Plants,    p.    145  :     Muellers     Eitcalyptograpkia,    4th 
Decade. 

Found  extensively  throughout  South  Australia.  A  fine  large  tree 
of  spreading  habit,  attaining  frequently  a  height  of  100  feet,  but 
generally  developing  a  large  bole  of  from  six  to  eight,  or,  in  special 
<.'f  ten  feet  in  diameter  at  the  base.  The  quality  of  the  timber 
varies  with  the  kind  of  '•  habitat."  That  grc.vn  on  hilly  ground  cannot 
IDC  excelled,  though  somewhat  lighter  than  that  grown  in  rich  moist 
land,  and,  according  to  situation,  the  weight  per  cubic  foot  varies  from 
50  to  70  Ib.  in  seasoned  timber.  The  colour  is  generally  dark  red, 
hence  its  name ;  and,  though  sometimes  hard,  it  is  more  easily  worked 
than  any  other  gum.  It  is  admirably  adapted  for  a  great  variety  of 
uses,  either  above  or  under  ground,  or  in  water.  As  fencing-posts  it 
will  last  thirty  years  and  even  more,  standing  unrivalled  for  this 
purpose  ;  nor  can  it  be  excelled  for  piles  or  rail  way- sleepers  when  of  the 
best  quality,  as  it  resists  well  both  the  white  ant  and  the  teredo.  For 
shipbuilding,  house  and  wagon  work  it  is  well  suited,  and  also  for 
many  minor  uses,  amongst  which  it  may  be  noted  that  it  is  much 
preferred  for  bullock-yokes,  as  it  wears  smooth  without  splintering. 
As  a  timber  for  furniture — especially  veneers — selected  pieces  are 
admirably  fitted,  the  mottled  and  wavy  figure  often  met  with  being 
singularly  beautiful ;  when  very  dark  in  colour  it  frequently  resembles 
the  best  mahogany.  It  also  makes  good  blocks  for  street-paving  and  an 
excellent  material  for  parquet-flooring.  Single  trees,  when  felled  and 
converted  into  sleepers,  have  occasionally  produced  as  many  as  100, 
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220,  and  even  250  sleepers  of  the  dimensions  6  feet  6  inches  by  8  inches 
by  4 -J-  inches. 

Working  Qualities. — The  wood  is  very  tough ;  it  saws  very  hard  and 
planes  with  difficulty;  its  surface  is  bad  and  patchy,  being  cross-grained. 

3.  Eucalyptus  leucoxylon  (Mueller),  vernacular  name  "  Blue  Gum." 
References:  Benth.  Flor.   Aust.,  Vol.  III.,   p.   209;  Mueller's   Select 
E.i'tra-tropical  Plaids,  p.  131  ;  Mueller's  Eucalyptographia,  1st  Decade. 

Found  in  New  South  Wales  and  Victoria,  where  it  is  known  as  the 
"  Ironbark  tree."  Widely  distributed  throughout  South  Australia, 
attaining  a  height  of  from  80  to  100  feet  and  a  diameter  of  3  to  5  feet. 
The  timber  is  exceedingly  strong  and  durable,  generally  weighing  from 
60  to  70  Ib.  per  cubic  foot  when  seasoned.  It  makes  excellent  naves, 
felloes,  spokes,  sleepers,  posts,  mining  timber,  well-slabs,  piles  and 
telegraph-poles ;  very  useful  also  for  purposes  requiring  great  lateral 
strength.  The  colour  of  the  timber  varies  from  pale  yellow  to  brown, 
and  even  pale  red  or  pink  in  some  localities,  and  is  thus  often  well 
adapted  for  furniture,  especially  for  parquet-flooring  in  combination 
with  other  gum  timbers.  The  bark,  which  is  fibrous  in  character, 
affords  good  material  for  paper. 

Working  Qualities. — This  wood  saws  hard  but  not  harshly;  it  has  little 
or  no  smell.  It  planes  rather  easily;  its  surface  is  rather  patchy  and 
cross-grained,  but  not  so  much  so  as  No.  2,  as  the  grain  is  not  so  sinuous. 

4 .  Eucalyptus  hemiphloia  (F.  Mueller),  vernacular  name  "  Box  Gum." 
References:  Benth.  Flor.  Aunt.,  Vol.  III.,  p.  216  ;  Mueller's  Select  Extra- 
tropical  Plants,  p.  121  ;  Mueller's  Eucalyptoyraphia,  5th  Decade. 

A  fair-sized  tree,  often  of  spreading  habits,  from  50  to  90  feet  high 
and  3  or  4-  feet  in  diameter  at  base,  when  growing  on  hilly  country  in 
South  Australia.  Found  also  in  Victoria  and  New  South  Wales, 
where  it  reaches  larger  dimensions  in  more  humid  districts.  In  South 
Australia  it  occurs  principally  on  the  Flinders  Range,  and  is  easily 
distinguishable  from  other  gums  by  its  persistent  bark  on  trunk  and 
lower  limbs,  though  it  sheds  the  bark  on  the  higher  limbs,  whence 
originates  its  name  of  "  half -barked."  A  most  valuable  timber,  dense, 
hard,  and  of  gi-eat  strength,  with  close  interlocked  grain;  it  is 
admirably  suited  for  many  and  varied  uses,  such  as  naves,  felloes, 
shafts,  spokes,  railway-sleepers,  fence-posts  and  rails  and  mauls.  It  is 
pale  yellow  in  colour  generally,  though  sometimes  of  a  browner  tinge, 
and,  when  seasoned,  weighs  from  60  to  70  Ib.  per  cubic  foot. 

Working  qualities. — It  is  very  hard  to  work,  is  harsh,  troublesome  to 
saw  and  bad  to  plane,  being  cross-grained. 

5.  Eucalyptus  odorata  (Behr),  vernacular  name  "  Peppermint  Gum." 
References  :  Benth.  Flor.  Aust.,  Vol.  III.,  p.  215  ;  Mueller's  Eucalypto- 
graphia,  2nd  Decade. 
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Generally  a  small-sized  tree,  but  sometimes  attaining  larger  dimen- 
sions ;  widely  distributed  throughout  the  Colony.  Timber  useful  for 
fencing-posts,  also  for  wheels  when  of  sufficient  size,  and  free  from 
"  pipe."  Makes  excellent  firewood,  and  first-class  mauls  for  driving 
wedges. 

Wurkiii'i  qualities. — It  has  no  smell,  is  hard,  extremely  harsh  to 
saw,  planes  hard  and  badly,  is  patchy  and  cross-grained,  but  surface 
not  very  rough. 

6.  Eucalyptus    corynocalyx    (Mueller),     vernacular    name    "  Sugar 
Gum/'     References:  Benth.  Flor.  Aust.y\o\.  III.,  p.  218;  Mueller's 
Select  Retro-tropical  Plant*,  p.  134  :  Mueller's  EucalyptoffraphiA,  2nd 
Decade. 

This  tree  is  found  in  South  Australia,  principally  near  Port  Lincoln, 
on  Kangaroo  Island  and  in  the  Flinders  Range.  The  wood  is  hard, 
dense,  and  durable;  losing  but  little  in  seasoning;  it  weighs,  when 
dry,  generally  65  to  70  Ib.  per  cubic  foot.  It  is  yellowish-brown  in 
colour,  often  showing  a  handsome  wavy  grain.  It  is  used  for  posts, 
rails,  piles,  wheelwrights'  work,  and  railway-sleepers  ;  also  for  furniture 
selected  pieces  cut  to  veneers  have  proved  very  effective,  while  for 
parquet-flooring,  in  common  with  several  other  Australian  timbers,  it 
possesses  many  serviceable  qualities. 

Workiny  qualities. — It  saws  extremely  hard,  and  planes  hard  and 
badly.  It  is  free  from  odour. 

7.  Casuarina  quadfi'-nl  i-i*   (Labillardiere),  vernacular  name  "She- 
oak."    References:  Benth.  Flor.  Aust.,  Vol.  VI.,  p.  195;  Mueller's  Select 
Extra-tropical  Plants,  p.  ~^. 

Generally  distributed  throughout  South  Australia,  attaining  60  feet 
in  height  under  favourable  circumstances,  but  more  frequently  30  or 
40  feet  on  high  elevations  and  poorer  soils.  As  a  fuel  this  timber  is 
unrivalled  :  it  is  also  used  for  posts  and  rails,  for  which  it  is  not  well 
adapted,  but  for  spokes  and  axe-  and  pick-handles  it  is  much  in 
demand. 

Working  qualities. — It  saws  with  difficulty,  being  extremely  hard, 
and  planes  hard  and  roughly  on  "  the  quarter "  (radial  section),  but 
smoothly  enough  in  other  directions.  The  figure  of  this  wood  is  superb, 
resembling  oak,  but  of  a  redder  colour. 

8.  Frenela  robusta  (Mirb.),  vernacular  name  "  Native  pine."    Refer- 
ences :  Benth.  Flor.  Aust.,  Vol.  VI.,  p.  234. 

A  hardy  tree,  growing  on  sandy  rises  and  stony  hillsides,  also  along 
the  course  of  the  River  Murray,  in  many  localities  occurring  widely  in 
the  drier  parts  of  the  Colony.  The  timber  is  of  considerable  value  for 
fencing-posts,  well-slabs  and  telegraph-poles,  being  proof  against  the 
attacks  of  white  ants.  It  makes  excellent  fuel,  and  is  especially  esteemed 
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by  blacksmiths,  as  it  gives  a  very  strong,  quick  heat,  and  is  thus 
especially  suited  for  tyring  wheels.  When  of  sufficient  size  it  is 
frequently  converted  into  sawn  timber  for  house-building,  but  is  often 
subject  to  shakes  and  sometimes  brittle  in  character,  which  defects, 
however,  do  not  detract  from  its  value  to  any  extent  when  used  entire 
in  the  round  or  in  rough  slabs,  in  which  form  it  has  been  largely  used 
by  settlers  in  house-building. 

Working  qualities. — It  saws  freely  and  rather  harder  than  Deal, 
which  it  much  resembles,  and  it  planes  easily,  fast,  and  fairly  smoothly. 

9.  Eu-calyptns  pauiculata,  \&Y.fasiculosa  (Mueller),  vernacular  name 
"  Pink  Gum."    References  :  Mueller,  Trans.  Viet.  Institute,  34  ;  Benth. 
Flor.  Aust.,  Vol.  III.,  p.  212. 

A  moderate-sized  tree  occurring  in  the  Mount  Lofty  Ranges  and 
adjoining  ranges,  the  Ninety  Mile  Desert,  and  sandy  rises  in  the  south- 
east of  the  State.  The  timber  from  this  gum  is  of  a  most  durable 
character,  unsurpassed  for  its  lasting  qualities  underground,  equal  in 
every  respect  to  best  red  gum,  though  seldom  found  in  such  large 
dimensions.  For  posts,  wheelwrights'  work,  sleepers,  well-slabs,  bridge 
timber,  jetty  piles,  it  is  a  first-class  timber.  It  is  much  the  colour  of 
red  gum,  but  is  never  so  subject  to  ring-shakes  and  gum-veins. 

Working  qualities. — It  saws  easily  but  harshly,  planes  very  hard  and 
roughly ;  its  odour  is  faintly  acetic. 

10.  Eucalyptus  obliqua  (L'Herit.),  vernacular  name  "Stringybark 
Gum."     References  :  Benth.  Flor.  Aust.,  Vol.  III.,  p.  206 ;  Mueller's 
Select  Extra-tropical  Plants,  p.  133;   Mueller's  Eucalyptographia,  3rd 
Decade. 

A  tall  tree  with  persistent  bark,  attaining  a  height  of  100  feet  and 
over,  with  a  diameter  of  3  or  4  feet ;  found  in  the  Mount  Lofty  Ranges 
and  the  south-eastern  part  of  South  Australia,  generally  on  poor  iron- 
stone and  sandy  rises.  A  useful  timber  of  50  or  60  Ib.  weight  per 
cubic  foot  when  dry;  of  good  tensile  strength,  very  fissile,  light  in 
colour,  and  adapted  for  fencing- posts  and  rails,  shingles,  palings,  rafters, 
and  scaffold-poles. 

Working  qualities. — It  saws  fairly  readily,  the  grain  being  not  quite 
so  sinuous  as  some  of  the  other  Eucalypts.  It  planes  hard  and  badly. 

11.  Eucalyptus  viminalis  (Labill.),  vernacular  name  "Manna  Gum." 
References  :  Benth.  Flor.  Aust.,  Vol.  III.,  p.  239  ;  Mueller's  Eucalypto- 
graphia,  10th  Decade;  Mueller's  Select  Extra-tropical  Plants,  p.  148. 

In  some  localities  this  tree  is  only  of  small  spreading  habits,  in 
better  sites  it  grows  to  finer  proportions.  It  is  found  in  the  Barossa 
and  Mount  Lofty  Ranges,  and  southward  as  far  as  Mount  Gambier. 
Though  generally  considered  a  decidedly  inferior  timber  and  little 
used,  it  has  occasionally  been  found  to  stand  well  for  fencing-posts  for 
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some  years.  It  also  makes  good  rough  boarding  for  hut  and  shed 
making. 

Work  in;/  </>."(!  if  ie*. — It  saws  liard  yet  freely,  and  planes  very  hard 
and  roughly.  This  wood  has  a  strong  unpleasant  smell. 

12.  A-'o.'-i.a  ri)*l<i.nn.i-yl<>n  (Brown),  vernacular  name  "Blackwood." 
References  :  Benth  Flor.  Ait*t.,  Vol.  II.,  p.  389  :  Mueller's  Sel*,:t  E-vtra- 
troj>i'.'<:(!  Plants,  p.  7. 

Generally  found  only  south  of  the  Flinders  Range  in  South 
Australia,  preferring  a  deep  moist  soil,  on  which  it  attains  a  height  of 
80  feet,  and  several  feet  in  diameter.  A  most  valuable  timter,  largely 
used  for  furniture,  railway-carriages,  boat-building,  tool-handles,  ca-^ks. 
and  veneers,  which  last  are  considered  equal  to  walnut. 

Workinij  <jn<!?iti>:*. — -It  >aw-  fairly  easily  and  planes  easily,  but 
rather  roughly,  not  on  account  of  being  cross-grained,  but  of  its  some- 
what coarse  grain.  It  works  more  freely  than  any  of  the  dark-coloured 
Acacias.  This  is  an  excellent  wood,  both  for  general  and  ornamental 
purp< 

EAST    INDIAN   WALNUT. 

The  following  report  of  the  examination  of  specimens  of  East  Indian 
walnut  has  recently  been  made  by  Mr.  Herbert  Stone  : — 

"  I  have  carefully  examined  and  tried  the  sample  slabs  of  Albizzia 
Lebbek,  or  East  Indian  walnut,  otherwise  known  as  '  koko,'  and  am 
favourably  impressed  with  the  wood,  as  it  is  fully  equal  to  the  American 
black  walnut  (./»<//<//<$  niyra)  which  is  now  so  largely  used  in  England, 
and  I  think  it  would  compete  on  equal  terms  with  that  wood.  It  is 
certainly  heavier  and  varies  considerably,  amongst  the  thirteen  speci- 
mens one  or  two  being  rather  heavier  than  is  desirable  for  a  furniture 
wood.  It  possesses  a  good  figure  which  runs  curly  at  times,  in  which 
case  the  appearance  is  very  fine;  and  though  not  possessing  much 
lustre  when  straight-grained,  it  has  a  '  watered '  appearance  when 
curly  in  the  grain.  Taking  plain  and  choice  specimens  together,  it 
shows  about  the  same  range  of  figure  as  the  above-mentioned  American 
walnut. 

I  make  my  comparison  with  this  wood,  as  it  is  the  one  whose  place 
it  must  occupy,  for  I  do  not  think  it  would  compete  with  English  or 
Italian  walnut  (Jughins  r>-t/ia).  The  mechanical  tests  I  have  applied 
are  sawing,  planing,  turning  by  power,  and  polishing  by  hand.  I  find 
that  it  comes  up  to  a  better  surface,  with  rather  less  trouble,  than  the 
American  wood,  and  can  be  worked  as  fast  and  with  the  same  ease. 
In  finishing  it  requires  less  preparation  by  means  of  glass-paper,  as  the 
wood  is  denser,  but  as  the  grain  is  very  coarse  it  requires  much  filling, 
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and  the  pores  are  lined  with  a  quantity  of  soft  tissue  which  absorbs 
much  polish,  and  hence  occupies  much  time.  I  consider  that  as  good  a 
finish  can  be  obtained  in  about  the  same  time  as  with  the  black  walnut. 
I  do  not  doubt  that  a  market  can  be  found  for  East  Indian  walnut  in 
England,  and  I  consider  that  ordinary  straight-grained  sound  boards 
and  planks  should  be  worth  2s.  6d.  per  cubic  foot  at  London  or 
Liverpool.  Choice  logs  would  probably  fetch  higher  prices  up  to  4s.  bd. 
per  cubic  foot.  It  is  as  well  to  mention  that  until  the  wood  becomes 
known  on  the  English  market  remunerative  prices  should  not  be  looked 
for.  A  new  wood  is  nearly  always  exported  for  a  time  at  a  loss," 
The  specimens  examined  were: — 


1.     I.     \0. 

Indian  Xo. 

Whence  Received. 

Remarks. 

5526 

2914 

Satara,  Bombay  . 

Rather   a   poor    specimen,    poor    in 

colour,   and    the   hardest  of    the 

series.     Works  well. 

5525 

2913 

Haveli,  Poona 

A  good  specimen,  although  from  a 

very  small  tree  ;  very  fair  colour  ; 

works  better  than  the  average. 

5889 

3277 

Sitrat,  Bombay,  marked 

Planes    like  American   walnut  and 

"  Maghrech        Bili- 

well.    Poor  in  colour,  streaky,  and 

more." 

of  little  value. 

5505 

2893 

North  Kanara,  Bombay 

The   best  specimen,  rather  redder  in 

colour,  nice  straight  grain  ;  works 

excellently.    A  fine  piece  of  wood. 

6129 

3512 

West  Khandesh,  Bom- 

Works    well,     rather     hard,    good 

bay,                                     colour,  rather  streaky,  of  a  rather 

purplish  cast. 

5504  A 

2892  A 

South  Arcot,  Madras  .    Works  well,  rather  streaky,  moder- 

ately  good  only  ;  hard. 

5504  B 

2892  B 

Do. 

A  fine  piece  of  curly,  figured  wood, 

but  heavy,  and  the  hardest  of  all  ; 

good  colour. 

5506 

2894 

Tellicherry.  Madras     . 

A   fair  specimen,   but  good   and   of 

fair  colour.     Works  well. 

6127 

3509 

Ganjarn,  Madras  . 

A  good  plank  of  good  colour,  even 

grain,  very  heavy.     Works  well. 

4938 

2656 

Tenasserim,  Burma 

A   poor    plank    of    inferior    colour, 

streaky  ;  works  well  but  with  an 

unpleasant,  sneeze-provoking  dust. 

6275 

4789 

Mandalay,    Burma, 

A   poor  specimen,    rather  light   in- 

marked "Dharwaiv5 

different     colour,     works     badly. 

Probably   immature    and   a  little 

tainted  with  decay. 

4937 

2655 

Thayetmyo,  Burma 

A    good    specimen    of    fair    colour, 

coarse  in  the  grain  ;   works  well. 

6126 

3508 

Minbu,  Burma     . 

A  quite  useless  plank,  badly  tainted, 

defective    and    of    extremely  bad 

colour.       Works    well    notwith- 

standing. 
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MISCELLANEOUS. 

Memorandum  on  the  present  position  of  Natural  and  Artificial 

Indigo  drawn  up  at  the  request  of  the  India  Office  and 

of  the  Commercial  Department  of  the  Board  of  Trade, 

1.  Artificial  "indigo"  (indigotin),  identical  with  the  colouring 
matter  of  natural  indigo,  is  now  manufactured  in  Germany  from 
coal-tar  as  a  starting-point,  most  largely  by  the  Badische  Anilin 
Fabrik  at  Ludwigshafen  on  the  Rhine.  This  particular  substance 
(indigotin)  should  be  carefully  distinguished  from  other  coal-tar  dyes 
of  similar  colour. 

2.  It  is  impossible  to  ascertain  precisely  how  much  indigotin  is  now 
being  manufactured,   but  it  may  be  safely  asserted  that  it  amounts 
to  several  hundred  tons   per   annum,   and  that  it  must  be,  for  the 
present  at  any  rate,  an  increasing,  and  probably  a  rapidly  increasing, 
quantity.      It   has   been   recently  stated  on  good   authority  that  the 
Badische  firm  has  already  spent  half  a  million  sterling  on  the  erection 
of  new  plant  for  this  manufacture. 

3.  Most    of   the   artificial   indigotin   appears   to   be   used   on   the 
Continent,    and  comparatively   little  is  at  present  exported  to  this 
country. 

•i.  Objection  was  at  first  taken  by  practical  dyers  to  the  employ- 
ment of  artificial  indigotin,  instead  of  natural  indigo,  chiefly  on  the 
following  grounds — 

(i.)  That  the  artificial  dye  is  not  as  '•  fast "  or  permanent  as  the 

natural  dye. 
(ii.)  That  the  reddish  shade  given  by  the  natural  indigo  is  not 

produced  by  the  artificial  product. 
(iii.)  That  the  dyeing  "vats"  are  more  difficult  to  prepare  with 

the  artificial  dye. 

With  regard  to  (i.),  it  has  been  proved  by  careful  trials  which  have 
convinced  dyeing  experts  in  this  country,  that  if  used  under  the  same 
conditions  the  colour  formed  by  the  artificial  substance  is  as  fast  and 
permanent  as  that  given  by  the  natural  indigo. 

With  regard  to  (ii.),  it  is  a  fact  that  natural  indigo  contains,  besides 
the  blue  colouring  matter  indigotin,  of  which  the  artificial  product 
entirely  consists,  several  substances  including  a  variable  proportion  of 
a  red  colouring  matter  indirubin,  and  in  dyeing  the  presence  of  this 
substance  is  said  in  some  degree  to  modify  the  blue  colour  of  the 
indigotin.  It  is  doubtful,  however,  if  this  effect  is  of  any  great  value, 
or  indeed  whether  it  does  depend  entirely  on  the  presence  of  indirubin. 
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The  point  is  of  small  importance  in  the  present  connection,  since  the 
Badische  Company  have  also  prepared  artificial  indirubin,  and  it  is 
now  an  article  of  commerce,  so  that  if  desired  it  can  be  used  in  dyeing 
mixed  with  indigo  tin. 

With  regard  to  (iii.),  the  evidence  before  me  goes  to  show  that  if 
any  difficulty  does  exist  in  preparing  the  vat  with  artificial  indigotin 
it  is  easy  to  remedy  it,  and  that  equally  good  results  can  be  obtained 
with  the  artificial  as  with  the  natural  product. 

I  am  informed  on  good  authority  that  German  dyers  are  now  making 
extensive  use  of  artificial  indigotin. 

5.  I  understand  that  the  German  Government  has  enacted  that  the 
blue  military  and  naval  cloth  shall  be  dyed  with  indigo,  and  not  with 
any  other  artificial  or  natural  blue  dye.     I   am  further  informed  that 
artificial  indigotin  is  being  employed  for  this  purpose. 

6.  The  process  for  preparing  artificial  indigotin  is  constantly  being 
modified  and  improved  as  a  result  of  experimental  researches,  which 
are  conducted  chiefly  in  the  large  research  laboratories  maintained  by 
the  Badische  Company.    It  is  understood  that  several  different  methods 
for  the  manufacture  have  been  tried  in  turn,  and  that  in  the  process  at 
present  adopted,  the  starting-point  is  naphthalene,  a  solid  crystalline 
hydrocarbon  existing  abundantly  in  coal-tar.     By  a  series  of  chemical 
operations,  which  can  be  easily  carried  out  under  the  supervision  of  a 
skilled  chemist  and  with  special  plant,  this  hydrocarbon  is  successively 
transformed   into   five   or   six   distinct  compounds,   and  finally  pure 
indigotin  obtained. 

7.  Artificial  indigotin  is  a  single  chemical  substance  having  a  con- 
stant  composition,  and   is  in   every  respect  identical  with  the   blue 
colouring  matter  of  natural  indigo. 

8.  It  is  not  possible  to  state  the  cost  of  manufacturing  artificial 
indigotin.     At  present  its  market  price  is  little,  if  at  all,  greater  than 
that  of  the  corresponding  quality  of  natural  indigo.     Not  only  is  it 
certain  that  the  cost  of  production  will  be  rapidly  reduced,  but  it 
should  be  borne  in  mind  that  German  manufacturers  may  consider  it 
desirable  to  put  artificial  indigotin  on  the  market  for  a  certain  period 
at,  or  even  below,  cost  price,  in  order  to  damage  the  rival  industry  and 
eventually  to  secure  a  virtual  monopoly  for  the  artificial  product  in 
dyeing. 

9.  The  quantity  of  coal-tar  obtainable  from  a  given  weight  of  coal 
cannot  be  generally  stated,  since  it  depends  on  the  quality  of  coal  used 
and  on  several  other  circumstances  which  cannot  be  dealt  with  here. 

10.  The   weight   of   artificial   indigotin   obtainable    from    a    given 
quantity  of  coal-tar  cannot  be  stated  for  similar  reasons. 

11.  The  cost  of  coal-tar  is  subject  to  considerable  fluctuations,  as  is 


also  the  quantity  available.  In  relation  to  the  production  of  indigotin 
a  special  method  of  valuation  would  be  necessary.  Assuming  the  dye 
to  be  made  from  naphthalene,  the  current  price  of  this  hydrocarbon  is 
about  £12  per  ton,  and  large  supplies  are  available. 

A  question  of  some  future  importance  in  this  connection  is  the 
influence  of  electric  lighting,  which  is  more  and  more  supplanting  gas- 
lighting,  on  the  production  of  coal-tar,  now  obtained  as  a  bye-product 
in  the  manufacture  of  coal-gas.  Many  of  the  valuable  chemical  sub- 
stances obtained  from  coal-tar  could  not,  as  far  as  one  can  now  see,  be 
obtained  from  other  sources.  It  is,  however,  not  possible  at  present 
to  do  more  than  draw  attention  to  this  aspect  of  the  question.  No 
forecast  of  any  practical  value  can  be  made  at  the  present  time. 

12.  In  conclusion  I  may  make  a  few  remarks  on  the  general  question 
of  artificial  i-ei-sus  natural  indigo.  There  can  be  no  doubt  that  the 
artificial  production  on  a  manufacturing  scale  of  a  blue  colouring 
matter  identical  with  that  contained  in  indigo  has  been  successfully 
realised  in  Germany.  Whether  the  Indian  indigo  industry  is  doomed 
depends  chiefly  on  the  cost  of  producing  indigo  from  the  plant.  It  is 
clear  that  if  natural  indigo  is  to  hold  its  own  in  competition  with  the 
artificial  product  its  market  price  must  be  considerably  reduced.  It 
is  a  mistake  to  conclude,  as  some  have  done,  that  because  artificial 
indigotin  can  now  be  commercially  manufactured,  therefore  indigo 
growing  will  soon  be  a  thing  of  the  past.  It  is  true  that  this  is  pos- 
sible, as  is  shown  by  the  fate  of  the  madder  industry  in  France,  which 
has  virtually  disappeared  since  artificial  alizarin  (the  red  colouring 
matter  of  madder)  was  cheaply  produced  from  coal-tar.  On  the  other 
hand,  even  if  a  process  of  manufacturing  quinine  from  coal-tar  were  to 
l^e  discovered,  it  is  doubtful  whether  artificial  quinine  could  successfully 
compete  with  the  natural  alkaloid  which,  owing  to  recently  introduced 
methods  of  improved  cultivation  and  extraction,  can  now  be  obtained 
so  cheaply  from  cinchona  bark. 

The  only  hope  for  the  Indian  indigo  industry  is  to  discover  improved 
methods  of  cultivation  and  preparation.  It  should  be  remembered 
that  the  science  of  indigo  production  virtually  does  not  exist.  The 
methods  used  in  the  cultivation  and  preparation  of  indigo  are  very 
largely  "rule  of  thumb  "  methods  which  require  to  be  scientifically 
investigated  and  improved.  "We  know  next  to  nothing  of  the  conditions 
which  are  most  favourable  for  the  maximum  formation  of  indican,  the 
precursor  of  indigotin  in  the  plant,  or  for  the  subsequent  production 
of  indigo.  The  growth  and  collection  of  the  plant,  the  subsequent 
'•fermentation''  and  extraction  of  the  indigo,  and  finally  the  preparation 
for  the  market  of  an  indigo  of  uniform  quality,  are  all  problems  capable 
of  solution  if  atticked  on  scientific  lines.  A  satisfactory  step  has  been 


308  TECHNIY'AL    REPORTS. 

taken  by  the  Bengal  Indigo  Planters'  Association  in  securing  the 
services  of  a  dyeing  expert,  Mr.  Christopher  Rawson,  to  advise  them 
in  India,  but  having  regard  to  the  magnitude  of  this  industry  and  its 
importance  to  our  Indian  Empire,  much  more  extensive  action  should 
be  taken  and  the  assistance  of  the  Government  of  India  secured  in 
order  that  the  many  problems  involved  in  the  economical  production 
of  indigo  may  be  submitted  to  strict  scientific -investigation  on  carefully 
determined  lines. 

W.  R.  D. 
May,  1900. 


The  Ash  of  the  Natal  Aloes. 

The  sample  consisted  of  about  three  and  a  half  pounds  of  a  greyish, 
partly  carbonised,  powder, 

Water  dissolves  about  five  per  cent,  of  the  ash,  furnishing  a  liquor 
having  a  distinctly  alkaline  reaction.  The  ash  is  almost  completely 
dissolved  by  dilute  hydrochloric  acid. 

Quantitative  analysis  shows  that  it  possesses  the  following  compo- 
sition : — 

Moisture       .         .         .         .         .  0-85  per  cent. 

Lime  (partly  carbonate)          .          .  41 '08  „ 

Magnesia  (partly  carbonate)           .  15'41  ,, 

Oxides  of  iron  and  aluminium       .  3 '00  ,, 

Potash  (K0O)        ....  2-19  „ 

Soda  (Na.,6)          ....  (M8  „ 

Silica 6-04 

Phosphoric  acid  (P2O5)           .          .  0-40  „ 

Sulphuric  acid  (SOg)      .          .         .  041 

Chlorine        .         .         .         .         .  0-41  „ 

Carbon  dioxide     ....  27 '89  „ 

Carbonaceous  matter,  etc.      .          .  1'85  ,, 

With  reference  to  the  probable  commercial  uses  of  this  ash,  the 
potash  may  be  considered  first.  The  quantity  of  this  constituent 
present  is,  however,  probably  too  small  to  make  it  worth  while  to 
extract  the  potash  as  a  commercial  undertaking,  though  it  is  said  that 
in  Canada  it  has  been  found  remunerative  to  extract  the  potash  from  the 
ash  of  the  elm  and  maple,  which  contains  about  the  same  percentage 
as  that  of  the  Natal  aloes. 

Of  the  other  constituents  none  would  be  worth  while  extracting  for 
its  own  sake,  and  it  appears  probable  that  the  only  use  to  which 
this  ash  could  be  profitably  devoted  is  that  of  an  accessory  manure, 
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especially  in  the  case  of  soils  which  are  deficient  in  lime,  since  the  ash 
contains  nearly  half  its  weight  of  chalk  and  lime  together. 

The  other  constituents  of  this  ash  which  are  of  practical  importance, 
from  a  manurial  point  of  view,  are  magnesia,  potash  and  phosphoric 
acid. 

•Icr,  1900. 

Fruits   of   Capsicum   baccatum   grown    in    Bermuda,    received 
from   the  Superintendent,  Botanic  Station. 

These  capsicums  differ  from  the  variety  best  known  in  this  country 
in  being  round  and  about  the  size  of  peas  instead  of  long  and  tapering. 
They  are  of  a  bright  yellowish-red  colour,  aromatic  in  flavour,  but  not 
so  pungent  as  the  common  long  capsicums. 

They  have  been  submitted  to  several  brokers  and  users  of  capsicums, 
who  are  pleased  with  their  appearance  and  consider  that  they  might 
sell  well  in  the  London  market. 

One  large  firm  of  users,  however,  state  that  in  their  opinion  they  are 
deficient  in  pungency,  and  for  this  reas m  this  firm  prefer  the  ordinary 
variety. 

One  firm  of  brokers  consider  that  they  would  fetch  about  30s.  per 
hundredweight  delivered  in  London,  less  2i  per  cent,  discount  and  one 
per  cent,  brokerage  :  and  they  suggest  they  should  be  furnished  with 
from  five  to  ten  bags  as  a  trial  shipment,  so  that  they  may  be  able  to 
bring  the  product  under  the  notice  of  the  most  likely  buyers. 

Another  firm  of  brokers  who  deal  largely  in  capsicums,  state  that 
the  Bermuda  sample  would  probably  sell  well  at  about  40s.  per  hundred- 
weight. These  brokers  also  recommend  the  shipment  of  about  a  ton 
in  order  to  test  the  London  market,  and  offer  to  take  charge  of  such  a 
consignment. 

Similar  capsicums  shipped  from  British  Central  Africa  have  recently 
realised  from  45^.  to  55>\  per  hundredweight  in  London,  but  the 
producers  have  been  warned  that  if  put  on  the  market  in  very  large 
quantities  the  price  may  seriously  decline. 

This  Department  will  be  glad  to  obtain  any  further  information,  and 
to  put  the  growers  in  Bermuda  in  communication  with  the  brokers,  if 
it  should  be  decided  to  cultivate  these  capsicums  in  the  Colony. 
1902. 
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Three  Economic   Products  from   Fiji,  received   through 
Sir  Walter  Buller,  K.C.M.G, 

Bark  of  Cinnamomum  pedatinervium. 

It  1ms  not  been  possible  to  completely  investigate  the  chemical  com- 
position, or  to  determine  the  commercial  value  of  this  bark,  with  the 
small  piece  submitted,  which  weighed  about  six  ounces.  We  have, 
however,  been  able  to  ascertain  that  it  contains  a  volatile  fragrant  oil 
easily  separated  from  -the  bark.  It  appears  that  this  oil  may  be  of 
considerable  value,  since  it  resembles  that  obtained  from  Sassafras  root, 
the  bark  of  which  is  worth  about  Sd.  per  pound  in  the  English  market. 

It  would  be  worth  while  to  completely  examine  this  oil  and  to 
obtain  full  information  as  to  its  commercial  value.  For  this  purpose 
about  one  hundredweight  of  the  bark  would  be  necessary. 

Dilo  OIL 

This  oil  appears  to  be  obtained  from  the  seeds  of  Callophyllum 
Inophyllum. 

It  is  a  non-drying  oil  which  has  been  used  to  some  extent  in  India 
for  illuminating  purposes  and  also  for  medical  application. 

The  sample  from  Fiji  is  not  satisfactory,  the  oil  showing  a  great 
acidity  owing  to  the  presence  of  free  fatty  acid  which  has  probably 
been  formed  in  some  treatment  to  which  the  oil  has  been  submitted. 
When  this  free  acid  is  removed  the  Dilo  oil  from  Fiji  presents  many 
of  the  characteristics  of  the  olive  oil  class,  and  may  be,  perhaps,  most 
closely  compared  with  Tea  Seed  oil. 

It  is  doubtful  whether  the  substance  could  be  obtained  in  a  condition 
suitable  for  edible  purposes,  but  it  probably  could  be  employed  in 
soap-making. 

In  order  to  investigate  the  matter  more  fully  about  half  a  hundred- 
weight of  the  seeds  should  be  sent,  so  that  the  properties  of  the  freshly- 
expressed  oil  may  be  ascertained. 

Balla-fialla. 

The  botanical  origin  of  this  specimen  is  not  mentioned,  but  it  appears 
to  be  derived  from  a  species  of  fern.  The  fibre  experts  who  have  been 
consulted  are  of  opinion  that  there  might  be  a  market  for  it  in  this 
country  if  it  could  be  exported  at  a  low  price,  but  they  state  that  it 
ought  not,  at  first  at  any  rate,  to  be  regarded  as  worth  more  than  £10 
a  ton  on  the  London  market. 

October,  1901. 
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Samples  of  Wine  from  Queensland,  received  through  the 
Agent-General, 

At  the  conclusion  of  Dr.  Thudichum's  lectures  on  wine  at  the  Imperial 
Institute,  it  was  determined  to  submit  to  chemical  analysis  a  number 
of  samples  of  Colonial  wines,  as  the  first  step  towards  the  systematic 
examination  of  Colonial  wines  in  the  Laboratories  of  the  Scientific 
Department.  An  inspection  of  the  Queensland  wines  showed  that 
some  of  them  were  turbid  and  obviously  not  in  good  condition,  and 
since  the  samples  sent  were  few,  it  was  decided  that  it  would  be  best 
to  obtain  the  opinion  of  a  wine  expert  on  their  quality  and  condition. 
He  has  reported  as  follows  : — 

"  1.  Claret,  Xo.  1,  .5'.  >'.  Barrett,  Roma  Villa  Vineyard. — A  clear 
red  wine,  with  plenty  of  body,  but  little  bouquet.  A  full-flavoured 
wine  with  a  slight,  not  unpleasant,  'twang.'  In  alcoholic  strength, 
probably  nearer  Burgundy  than  ordinary  French  claret." 

••  '_'.  H":k,  1st  quality,  Roma  Villa  Vineyard. — A  dark  yellow, 
slightly  turbid  wine.  Some  bouquet,  much  body.  Too  strong  and 
heavy  for  hock,  probably  contains  added  alcohol. 

'•  3.  Madeira,  1st  quality,  Roma  Villa  Vineya.rd. — A  fine-coloured 
attractive  wine.  Good  bouquet,  excellent  flavour,  perhaps  a  trifle 
sweet.  This  wine  would  probably  find  favour  in  England. 

"4.  Port,  Roma  Villa  Vineyard. — Has  none  of  the  characters  of 
true  port.  Might  be  sold  as  a  strong  ferruginous  Burgundy. 

"  5.  Cox's  '  Woorara.' — A  rather  strong  red  wine  of  the  claret  type. 
In  good  condition,  pleasant  flavour,  bouquet  slight. 

"6.  J.  Kircher's  Assmanhausen.  Xo.  1,  R*d. — A  light  claret,  turbid, 
and  generally  in  bad  condition,  pleasant  flavour,  but  very  little  bouquet 
or  character. 

'•  7.  J.  Kircher's  Assmanhatix-  /i.  X<.<.  1,  White. — A  light,  pleasant  wine, 
but  turbid  and  in  bad  condition. 

<;  These  Queensland  wines  must  be  further  examined  before  any 
definite  opinion  as  to  their  possibilities  can  be  expressed.  Thev  appear, 
however,  to  be  very  creditable  wines,  and  would  probably  compete 
favourably  with  much  of  the  Australian  wine  now  sent  to  this  country. 
Fresh  and  carefully  selected  samples  should  be  sent  for  further  trial, 
and  information  given  as  to  whether  the  wines  have  been  fortified  by 
the  addition  of  alcohol,  or  treated  in  any  special  manner." 

Since  these  remarks  are,  on  the  whole,  distinctly  favourable  to  the 
Queensland  wines,  it  is  suggested  that  the  Queensland  Government 
should  send  sets  of  at  least  three  samples  of  typical  wines.  Each  wine 
can  then  be  submitted  to  a  complete  chemical  analysis  in  the  Laboratories 
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of  the  Scientific  Department,  and  also  to  a  wine  expert  for  a  technical 
opinion  on  flavour  and  general  characteristics.  Information  as  to  the 
mode  of  production,  maturation  and  treatment  of  each  wine  should  be 
supplied,  and  it  would  be  a  great  advantage  in  those  cases  in  which  it 
is  desired  to  open  a  market  in  England,  if  a  quotation  were  given  for 
the  wines  delivered  in  this  country.  This  information,  together  with 
that  furnished  by  Mr.  Henry  Tardent's  interesting  memorandum  of 
October  1896,  will  enable  a  critical  report  on  the  subject  of  Viticulture 
in  Queensland  to  be  prepared. 
October,  1898. 

Selected  Samples  of  Cape  Wines,   received  through  the 
Agent-General. 

The  samples  of  wine  referred  to  in  this  report  were  forwarded,  through 
the  Agent-General  for  the  Cape  of  Good  Hope,  from  the  Agricultural 
Department  at  the  Cape  in  order  to  determine  precisely  the  composition 
and  characters  of  the  principal  wines  of  the  Colony.  The  samples 
were  selected  by  the  Department  of  Agriculture  and  were  analysed  in 
duplicate  by  the  Scientific  Department  of  the  Imperial  Institute  and 
by  the  Analytical  Department  of  the  Cape  Agricultural  Department. 
A  communication  dated  February  23,  1898,  addressed  to  the  Agent- 
General  stated  that  two  sets  of  the  following  wines  had  been  procured 
from  the  Government  Wine  Farm,  viz.  Sweet  Constantia,  1894;  Con- 
stantia  Berg,  1895;  Stein,  1895;  Sauvignon  Blanc,  1896;  Cabernet 
Sauvignon,  1895;  Hermitage,  1896. 

One  set  of  the  samples  was  retained  for  analysis  in  the  Agricultural 
Department  at  the  Cape,  and  the  other  set,  consisting  of  two  bottles  of 
each  of  the  above  wines,  was  despatched,  through  the  Agent-General, 
for  analysis  in  this  Department. 

In  order  that  the  results  of  the  two  series  of  analyses  might  be 
strictly  comparable,  the  Senior  Analyst  at  the  Cape  was  consulted 
as  to  the  constituents  of  the  wines  which  were  to  be  determined, 
and  the  processes  by  which  the  determinations  were  to  be  made.  The 
Cape  Agricultural  Department,  in  a  letter  dated  June  1,  1898, 
addressed  to  the  Agent-General,  stated  that  the  following  constituents 
had  been  determined  in  the  Agricultural  Department  by  the  analytical 
processes  described  by  Borgmann,  viz.  specific  gravity,  volatile  acid  per 
mille,  total  acid,  extract,  alcohol  per  cent,  by  volume,  and  sugar. 

The  same  determinations  have  been  carried  out,  generally  in  duplicate, 
with  the  set  of  samples  received  by  this  Department.  The  following 
results  were  obtained  : — 
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1.  Hermitage       .         .         .        '9935 
2.   Stein        .... 

11-59      1-96       0-06     0-033 
12-69      2-114      0-13 

0-501 
0-606 

0-876 
0-888 

3.  Cabernet  Sauvignon         .        '9936 
4.  Constantia  Berg      .         .  1  1 
ivignon  Blanc      .         .        '9023 
6.  Sweet  Constantia    .         .     1'0870 

13-16 
17-74 
12-14 
1353 

•2-72 
7-49 
1-89 
29-04 

0-19 

4-7 
004 
24-o7 

0-028 

0-609 
0474 
0-549 

U552 

1-776 
0-816 
1-548 
0-624 

These  results  show  that  these  Cape  wines  approximate  more  or  less 
closely  to  the  French  and  German  wines  of  the  same  class.  They  are, 
however,  as  Dr.  Thudichum  pointed  out  with  reference  to  previous 
samples,  deficient  in  bouquet  and  flavour.  This  is  doubtless  due  to 
several  causes.  Probably  wines  of  the  Sauvignon  and  Stein  type 
cannot  stand  an  ocean  v«\-<\^\  In  any  case  they  are  certainly  not 
properly  sterilised,  and  in  sumt-  instances  have  been  improperly  corked, 
the  result  being  that  the  wine  has  leaked  through  the  cork,  even  corrod- 
ing the  capsule.  Some  of  the  samples  were  turbid  from  organic  growths 
proceeding  within  the  wine,  and  the  appearance  of  the  two  bottles  of 
the  same  wine  was  not  always  the  same.  The  following  observations 
were  made  on  the  general  condition  of  the  wines  at  the  time  of 
opening  : — - 

1.  Hermitage. — Red  wine,  cork  sound,  wine  slightly  turbid,  odour 
somewhat  acetous.  Second  lx>ttle,  cork  mouldy,  wine  nearly  clear. 

-.  >V'./». — White  wine,  cork  slightly  mouldy,  odour  somewhat  sour. 
Second  bottle,  cork  soaked  and  mouldy,  wine  turbid. 

3.  Cabernet  Sauvigntm. — Red  wine,  cork  fitted  badly,  wax  soft,  cork 
soak*ed,  odour  sour. 

4.  Constant  in  JJer;/. — White  wine,  cork  sound.     Wine  turbid,  odour 
recalling  raisins,  but  somewhat  mouldy. 

^auvignon  JJ/mtc. — White  wine  with  some  bouquet.,  cork  soaked 
and  mouldy,  wine  turbid.  Second  bottle,  cork  soaked,  capsule  corroded, 
wine  turbid. 

6.  Sweet  Constantin. — Red  wine,  cork  mouldy,  wine  clear  and  sweet. 
Second  bottle,  cork  dry  and  sound. 

The  changes  which  proceed  as  a  result  of  leakage  and  access  of  air  to 
the  wine  are  of  course  bound  to  influence  its  composition  and  character. 
In  the  case  of  Sauvignon  Blanc  a  separate  determination  was  made  of 
the  volatile  acid  in  each  of  the  two  bottles.  The  first  bottle  opened 
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contained  1  -548  grams  of  volatile  acid  per  litre,  the  second  less  than 
half  this  quantity,  '732  gram.  The  fact  that  two  bottles  of  the  same 
wine  may  differ  to  the  extent  of  one  containing  more  than  twice  as 
much  volatile  acid  as  the  other,  points  to  a  serious  defect,  to  whatever 
cause  or  causes  the  defect  may  be  attributable. 

It  seems  desirable,  as  suggested  in  the  previous  memorandum,  that 
these  wines  should  also  be  submitted  to  wine  experts  in  this  country, 
so  that,  in  addition  to  their  chemical  composition,  their  general  character 
and  value  may  be  authoritatively  ascertained.  For  this  purpose  it 
will  be  necessary  to  send  a  further  consignment  of  not  less  than  three 
bottles  of  each  wine.  In  the  meantime  this  Department  will  be  glad 
to  receive  the  report  of  the  Senior  Analyst  of  the  Cape  Agricultural 
Department,  on  the  analyses  of  the  other  set  of  samples  of  these 
wines,  together  with  any  observations  and  suggestions  arising  from  a 
comparison  of  the  two  sets  of  data. 
September,  1898. 

The  suitability  of  the  Woods  of  Acacia  mollissima  and  Acacia 
dealbata  for  the  manufacture  of  Wood  Pulp. 

Experiments  have  been  made  on  the  suitability  of  these  two  trees  for 
the  manufacture  of  wood  pulp  with  some  of  the  eighty  pieces  of  wood 
forwarded  in  May  last  by  the  Agent-General  for  Natal. 

On  referring  the  matter  to  our  expert  referees  in  wood  pulp  they 
were  of  opinion  that  the  wood  should  be  tested  by  the  sulphite  process 
and  also  by  the  alkali  process.  A  trial  of  both  these  woods  by  the  sulphite 
process  has  now  been  carried  out  for  us  by  a  well-known  manufacturer, 
who  reports,  however,  that  neither  wood  is  suitable  for  the  manufacture 
of  sulphite  pulp,  since  the  product  is  of  inferior  quality  and  of  small 
commercial  value.  This  process,  therefore,  could  only  be  worked  at  a 
loss.  The  alkali  process  is  hardly,  if  at  all,  employed  at  the  present  time 
in  this  country,  and  special  arrangements  would  have  to  be  made  in 
order  to  carry  out  a  trial  by  this  method.  It  may  be  possible  to  arrange 
for  a  suitable  experimental  test  on  a  small  scale  in  this  country,  but  as 
this  experiment  would  have  to  be  specially  made  it  would  be  necessary 
to  defray  the  expense  of  it,  which  is  likely  to  amount  to  between  £6  and 
£7.  It  may,  however,  be  better  to  get  a  trial  made  on  a  much  larger 
scale  either  in  Germany  or  Norway.  Although  it  appears  somewhat 
improbable  that  the  wood  can  be  successfully  treated  by  this  method, 
nevertheless  it  seems  worth  while  to  have  a  trial  made,  and  this  shall 
be  done  under  the  advice  of  our  expert  referees  in  pulp  manufacture  as 
soon  as  the  Government  of  Natal  consent  to  make  the  necessary  pay- 
ment of  working  expenses  to  the  manufacturer  who  undertakes  the  work. 
•/"fit.  1390. 
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Experiment*  have  been  made  on  a  small  scale,  under  the  direction 
of  our  expert  referees  on  wood  pulp  manufacture,  on  the  conversion 
of  the  black  and  white  Acacia  wood  into  pulp  by  the  alkali  (soda) 
process.  Our  experts  report  that  the  wood  is  easily  acted  upon  by 
the  alkali,  and  that  on  a  larger  scale  probably  less  soda  would  be 
required  than  is  needed  for  Scandinavian  pine  woods.  Nevertheless 
the  general  opinion  is  that  the  pulp  produced  from  both  these  acacia 
iKOods  is  of  inferior  quality  and  value,  even  as  compared  with  the  pulp 
obtained  from  ordinary  pine  wood. 

IV  o  sets  of  samples  prepared  from  white  acacia  and  black  acacia 
respectively  are  enclosed,  and  also  a  third  sample  prepared  from  the 
bleached  sample  of  the  white  wood. 

It  is  therefore  very  doubtful  whether  the  manufacture  in  Natal  of 
pulp  from  these  woods  would  be  a  profitable  undertaking,  and  our 
expert  states  that  it  is  impossible  to  answer  this  question  definitely 
without  knowing  the  cost  of  fuel  and  labour  in  the  Colony,  as  well  as 
that  of  transit  of  the  wood  to  the  mill. 

Further,  it  does  not  appear  probable  that  it  would  be  worth  while  to 
ship  the  woods  to  this  country  on  account  of  the  cost  of  freight. 

If  this,  and  the  previous  report  on  the  treatment  of  the  wood  by  the 
sulphite  process,  are  communicated  to  those  concerned  in  the  Colony, 
the\'  will  probably  be  in  a  position  to  decide  whether  it  is  worth  while 
to  proceed  any  further  in  the  matter. 

September,  1899. 
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The  Coal  Resources  of  India  and  their  Development,1 

By  PROFESSOR  "WYXDHAM   B.   DUXSTAX,    M.A.,    F.E.S.,    Sec.C.S.,    F.I.C.. 
Director  of  the  Scientific  and  Technical  Department  of 
the  Imperial  Institute. 

IT  i^  unnecessary  to  dwell  upon  the  importance  to  any  country  of  an 
enormous  supply  of  coal,  since  coal  for  the  present,  at  any  rate,  is  the 
principal  source  of  mechanical  power  both  on  land  and  at  sea.  The 
general  prosperity  of  a  nation  must  be  intimately  bound  up  with  a 
cheap  supply  of  coal,  for  not  only  is  it  required  for  ships  and  railways, 
factories  and  mills,  but  it  is  essential  to  some  of  the  greatest  of  our 
metallurgical  industries,  and  is,  moreover,  an  important  means  of 
employing  labour.  The  question  of  the  coal  resources  of  our  own 
country  has  been  always  regarded  as  a  vital  one  by  our  economists  and 
manufacturers.  The  larger  question  of  the  coal  resources  of  our 
colonies  and  dependencies  throughout  the  Empire  has,  however,  not  yet 
received  the  attention  it  deserves,  closely  connected  as  it  must  be  with 
the  prosperity  of  the  nation  as  a  whole.  Now  that  reciprocity  in  trade 
and  Imperial  defence  are  regarded  as  political  ideals,  it  is  to  be 
expected  that  our  knowledge  of  the  coal  supplies  of  the  Empire  may 
be  put  upon  a  sound  b,t 

Of  all  our  dependencies  none  deserves  more  consideration  than  India, 
Every  British  statesman  has  recognised  the  importance  of  promoting 
the  industrial  development  of  this  great  country,  with  its  splendid  stores 
of  mineral  wealth,  yet  for  the  most  part  undeveloped,  and  its  unrivalled 
forests  of  vegetable  produce.  Nothing  can  contribute  more  powerfully 
to  this  end  than  the  opening  up  of  new  coal  resources,  and  the  pro- 
vision of  such  satisfactory  methods  of  transport  and  communication 
that  the  products  of  the  mines  shall  become  available  for  use  all  over 
India,  and  for  export  to  the  principal  ports  of  the  eastern  world. 

That  India  possesses  a  practically  inexhaustible  supply  of  coal  is 
a  fact  but  little  known  in  this  country.  The  history  of  the  develop- 
ment of  coal  mining  as  an  industry  is  brief  and  comparatively  recent. 
Although  several  collieries  were  working  in  1837  supplying  a  small 

1  A  paper  read  before  the  Indian  Section  of  the  Society  of  Arts,  Thursday, 
F.Jynianj  6,  1902  ;  The  Right  Hon.  Lord  George  Ha.nWon.  M.P.,  Secretary  of  State 
fo,-  India,  in  the  Chair. 
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local  demand,  it  was  not  until  twenty  years  later,  under  the  beneficent 
reign  of  Lord  Dalhousie,  that  the  enterprise  showed  signs  of  the 
development  which  has  now  made  it  an  important  factor,  not  only  in 
Indian,  but  in  Imperial  affairs.  In  1880  the  output  from  the  Indian 
mines  had  just  exceeded  1,000,000  tons,  about  98  per  cent,  of  which 
was  produced  in  Bengal,  whilst  the  remainder  was  taken  entirely  from 
the  Central  Provinces.  In  1900  the  output  from  the  Indian  collieries 
exceeded  6,000,000  tons,  and  whilst  Bengal  contributed  nearly 
5,000,000  to  the  total,  Burma,  Assam,  Central  India,  the  Punjab, 
Baluchistan  and  the  Nizam's  Territories,  in  addition  to  the  Central 
Provinces,  figure  as  important  producers,  the  Xi/am's  Dominions  alone 
contributing  nearly  half-a-million  tons,  this  province  now  standing  next 
to  Bengal  in  its  output  of  coal  (see  Table  I.,  p.  348).  As  will  be  seen 
from  the  table  (Table  II.,  p.  349),  the  Indian  output  now  exceeds 
that  of  any  British  dependency,  although  New  South  Wales  and 
Canada  are  near  with  outputs  of  over  5,000,000  tons,  being  about  the 
same  as  that  of  Bengal.  The  Indian  output  is  about  l-35th  of  that  of 
the  United  Kingdom. 

For  some  years  an  increasing  quantity  of  foreign  coal  was  imported 
into  India.  Between  1885  and  1895  it  varied  between  600,000  and 
800,000  tons  per  annum,  most  of  it  shipped  from  the  United  Kingdom, 
some  from  Australia  and  Japan.  Japan  has  been  sending  an  increased 
amount  of  coal  to  India,  much  of  which,  however,  is  said  to  be  of 
inferior  quality.  In  the  last  few  years  the  imports  of  coal  into  India 
have  fallen  considerably,  and  in  1889  they  had  sunk  to  422,376  tons, 
and  for  1900  the  figure  was  only  127,318  tons,  including  coke  and 
patent  fuel  (see  Table  III.,  p.  349).  This  fall  is  to  be  accounted  for 
partly  by  increased  internal  production  and  facilities  for  transport, 
partly  by  the  rise  in  the  price  of  British  coal,  consequent  chiefly  on  the 
export  tax.  It  is  to  be  remarked  that  most  of  the  imported  coal  goes 
to  Bombay  for  use  in  mills  and  factories,  Bombay  being  far  removed  by 
sea  or  land  from  the  coalfields.  There  can  be  hardly  a  doubt,  that  as 
means  and  conditions  of  coal  transport  are  improved,  the  import  of 
foreign  coal  will  entirely  cease,  and  this  may  be  expected  to  occur 
within  a  very  few  years. 

The  exports  of  coal  from  India  tell  an  entirely  different  story.  In 
1892,  India,  chiefly  Bengal,  exported  15,620  tons,  in  1896  the  amount 
had  risen  to  136,719  tons,  whilst  in  1900  the  figure  is  541,445  tons 
(see  Table  III.,  p.  349).  It  is  interesting  to  note  that  of  this  large 
quantity,  Colombo  took  369,000  tons,  Singapore  66,000  tons,  and 
Aden  53,000  tons.  Colombo  is  an  important  coaling  station,  which 
formerly  did  not  take  much  Indian  coal ;  now,  however,  it  is  extensively 
employed,  and  is  also  burned  on  the  Ceylon  railways. 
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Tiie  internal  consumption  of  coal  in  India  has  greatly  extended.  It 
is  now  burned  on  nearly  all  the  Indian  railways,  some  of  the  railway 
companies  having  their  own  mines.  There  can  be  no  question,  that 
with  cheaper  and  better  means  of  transport  it  will  be  possible  to  start 
several  new  industries  depending  on  the  use  of  coal.  Of  these,  by 
far  the  most  important  will  be  iron  and  steel  production  from  the 
abundance  of  excellent  iron  ore  to  be  found  in  India.  This  is  a 
momentous  question  for  India,  but  I  cannot  do  more  than  refer  to  it 
generally  in  this  paper. 

With  these  general  remarks  on  the  present  production  of  coal  in 
India,  I  pass  to  consider  more  in  detail  some  important  points,  such  as 
the  distribution  and  nature  of  Indian  coal.  These  subjects  were  briefly 
discussed  in  the  Report  on  the  Co"?  ^uppl  >/  <>j  India,  which  I  made 
at  the  instance  of  the  Government  of  India  in  1898.  This  Report 
included  the  preliminary  analytical  and  technical  examination  of  a 
large  number  of  samples  of  coal  taken  from  all  the  principal  seams  in 
India,  which  were  carried  out  in  the  Research  Laboratories  of  the 
Scientific  and  Technical  Department  of  the  Imperial  Institute,  with 
the  object  of  determining  which  coals  were  deserving  of  more  complete 
investigation  (see  Table  V.,  pp.  350-358). 

Distribution   of  Coal   in   India. 

The  coal  measures  in  India  belong  to  a  geological  period  considerably 
more  recent  than  that  in  which  the  coal  measures  of  the  United 
Kingdom  and  Europe  were  deposited.  In  the  Indian  peninsula  the 
coal  is  of  the  permio-triassic  age,  and  belongs  almost  entirely  to  the 
Lower  Gond wana  period.  This  includes  the  Bengal  coalfields.  Outside 
the  Indian  peninsula  the  coal  is  still  more  recent,  mostly  belonging  to 
the  tertiary  age.  This  coal  is  probably  less  widely  distributed  than 
that  of  the  older  series,  but  it  occurs  in  very  thick  deposits  in  Upper 
i.  Considerable  deposits  of  cretaceous  coal  also  occur  both  in 
A-^am  and  Bengal.  In  connection  with  the  development  of  the  coal 
resources  of  India,  it  is  important  to  bear  in  mind  that  coal  does  m>t 
ojcur  at  all  outside  the  region  of  these  geological  formations,  and  that, 
therefore,  no  considerable  quantity  of  genuine  coal  is  likely  to  be 
discovered  in  Southern  India,  including  Madras  and  Mysore,  where 
the  geological  formations  are  for  the  most  part  of  older  date  than  those 
which  in  India  bear  coal.  True  coal  is  not  likely  to  be  found  in  any 
quantity  in  Bombay,  except  perhaps  at  great  depths,  and  geologists 
generally  are  of  opinion  that  it  is  not  to  be  expected  l^elow  the  alluvial 
deposits  of  Sincl,  the  North-West  Provinces,  and  Rajputana. 

The  difference  in  age  accounts  to  a  large  extent  for  the  difference  in 
character  shown  by  peninsular  and  extra-peninsular  coal.  Taking  the 
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Bengal  coal  as  a  representative  of  the  former,  it  is  somewhat  bitumin- 
ous, with  a  rather  high  percentage  of  mineral  constituents  (ash).  This 
coal  often  furnishes  a  good  coke.  The  tertiary  coal  of  Assam,  repre- 
senting the  extra-peninsular  deposits,  is  usually  soft  and  bituminous, 
containing  a  high  percentage  of  volatile  constituents  (hydrocarbons) 
and  much  less  mineral  matter  than  Bengal  coal.  Some  of  this  coal 
also  forms  good  coke. 

The  Upper  Gondwana  (Jurassic)  coal  of  the  peninsula  is  at  present 
of  little  importance  ;  the  seams  are  usually  thin,  and  the  coal  of  inferior 
quality. 

Deposits  of  lignite  occur  scattered  throughout  the  Himalayas  and 
elsewhere,  but  these  are  at  present  only  of  secondary  importance. 

No  accurate  statement  can  be  made  as  to  the  total  amount  of  coal 
which  occurs  in  India,  chiefly  owing  to  the  want  of  information  as  to 
the  exact  extent  of  some  of  the  fields,  and  of  the  thickness  of  the 
seams.  Geologists  are  inclined  to  put  the  total  coal  area  as  occupying 
about  35,000  square  miles.  Having  regard  to  the  extreme  thickness 
of  many  of  the  seams,  which  sometimes  exceed  100  feet,  it  is  clear 
that  India  possesses,  even  after  all  allowances  have  been  made  for 
difficulties  of  working  and  other  deficiencies,  an  enormous  supply  of 
fuel  which  will  soon  render  her  independent  of  other  sources  of  supply, 
and  which  in  time  to  come  may  even  be  drawn  upon  by  other  nations 
whose  coal  deposits  are  now  in  process  of  depletion. 

Provincial  Coalfields  and  Collieries.     Characters  of  Coal. 

We  may  now  consider  the  more  important  coalfields,  and  the  collieries 
which  have  been  established  in  them. 

Bengal. — In  1900,  238  collieries  were  at  work,  the  output  being 
nearly  5,000,000  tons. 

The  principal  coalfields  in  this  province  are  those  of  Karharbari 
(Giridih),  Raniganj,  Jheria,  and  Karanpura.  Karharbari  (Giridih), 
200  miles  from  Calcutta,  covering  about  eight  square  miles,  is  estimated 
to  contain  136,000,000  tons  of  coal.  The  collieries  in  this  field  are 
served  by  the  East  Indian  Railway  Company,  which  itself  works  some 
of  the  pits.  The  most  important  seam  is  the  lower  one,  which 
occupies  an  area  of  about  seven  square  miles,  and  varies  between  12 
and  30  feet  in  thickness.  Some  of  the  pits  are  very  deep  ;  in  one  case 
reaching  to  650  feet.  From  the  Table  of  Analyses  appended  (see  Table 
V.,  p.  354),  it  will  be  seen  that  Karharbari  coal  is  of  good  quality,  the 
fixed  carbon  in  some  cases  amounting  to  nearly  67  per  cent.,  with  from 
5  to  10  per  cent,  of  ash,  and  a  calorific  equivalent  of  about  7000 
calories.  It  is  a  good  steam  coal,  and  some  of  it  cokes  well. 

The  Raniganj-Barakar  field  is  about  130  miles  from  Calcutta,  and  is 
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one  of  the  most  important  in  India.  It  extends  westward  along  the 
valley  of  the  Damuda  River,  and  is  virtually  enclosed  by  the  rivers 
Damuda  and  Adjai.  The  East  Indian  Railway,  running  from  Calcutta 
to  Patna,  passes  through  the  middle  of  the  field.  It  covers  500  square 
miles,  not  including  the  dip  below  the  alluvial  bed  to  the  east.  The 
amount  of  coal  it  contains  is  estimated  at  14,000,000,000  tons.  The 
seams  vary  in  thickness.  The  field  is  worked  by  numerous  collieries. 
The  coal  contains,  as  a  rule,  between  50  and  60  per  cent,  of  fixed 
carbon,  about  10  per  cent,  of  ash,  whilst  the  calorific  value  lies  between 
5000  and  6000  calories.  The  Sanctoria  is  a  good  coal  of  this  series, 
and  cokes  well.  The  coal  of  the  Desherghur  seam  is  held  in  high 
repute  in  India.  Seebpore  coal  is  also  largely  used  (see  pp.  350—354). 

The  Jheria  field  is  about  16  miles  to  the  west  of  that  of  Raniganj. 
It  is  connected  with  the  main  line  of  the  East  Indian  Railway  by  a 
branch  terminating  at  Jheria  and  Katrasgarh.  The  field  has  an  area 
of  about  200  square  miles,  and  is  supposed  to  contain  864,000,000  tons. 
Its  coal  is  of  the  Raniganj  and  Barakar  series,  and  several  of  its  seams 
yield  a  good  steam  coal  resembling  that  of  Karharbari.  Though  the 
samples  analysed  (see  Table  V.,  pp.  354-5)  are  inferior  in  yielding  much 
ash,  it  appears  that  the  coal,  as  generally  mined,  is  of  better  quality. 

The  Bokara  field  is  about  two  miles  west  of  Jheria.  It  covers  220 
square  miles,  and  is  estimated  to  contain  1,500,000,000  tons;  some  of 
the  seams  are  very  thick. 

There  are  several  other  fields  in  Bengal  not  yet  developed  or 
connected  with  the  railway  which  are  capable  of  furnishing  large 
quantities  of  coal. 

These  are  North  Karanpura,  472  square  miles,  containing 
8,750,000,000  tons,  and  South  Karanpura,  representing  about 
75,000,000  tons.  The  Karanpura  fields,  situated  at  the  head  of  the 
Damuda  Valley,  are  difficult  of  access,  being  hemmed  in  by  hills  and 
not  yet  connected  with  the  railway.  The  coal  is  stated  to  be  of  good 
quality,  and  this  field  may  become  of  considerable  importance  in  the 
future,  as  iron  ore  of  excellent  quality  is  said  to  occur  near  the  coal 
measures. 

Smaller  fields  or  coal  areas  are  those  of  Ramgarh,  Daltonganj 
(Palamow),  Talchir,  and  Rajinahal,  not  at  present  worked  to  any 
extent,  but  some  appear  to  furnish  fair  steam  coal  (see  Table  V., 
p.  355).  Railway  communication  with  these  fields  is  needed. 

Important  additions  to  the  railway  communications  within  the 
Bengal  fields  have  been  recently  sanctioned  by  Government.  The 
Grand  Chord  of  the  East  Indi-in  Railway  is  to  be  completed  by  a  line 
from  Gya  to  Katrasgarh,  a  distance  of  112  miles,  thus  giving  additional 
connection  with  the  Jheria  field.  The  Bengal-Xagpur  Railway  is  tu 
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extend  by  a  new  main  line  from  Midnapur  through  Bishenpur  to 
Bugudih,  bridging  the  Damuda  River,  and  connecting  with  the  local 
lines  within  the  field. 

A  branch  line  from  Katrasgarh  to  the  coalfields  of  Daltonganj 
(Palamow),  passing  through  the  intermediate  coal  areas  and  connecting 
with  the  new  line  of  the  East  Indian  Railway  from  Some  River 
junction  to  Daltonganj,  would  be  of  great  assistance  to  the  further 
development  of  this  important  coal  district. 

In  the  Darjiling  district,  on  the  frontier  of  Nepal,  there  is  a  narrow 
field  of  anthracitic  coal  much  crushed  and  very  friable,  and  probably 
unworkable  on  the  large  scale.  If  made  into  briquettes,  it  furnishes  a 
useful  steam  coal,  and  it  is  also  said  to  make  good  coke.  This  seems  to 
be  the  nearest  approach  to  Welsh  coal  which  so  far  has  been  found  in 
India.  A  sample  from  Rakti  Naddi,  analysed  by  the  Geological 
Survey,  contained  nearly  80  per  cent,  of  fixed  carbon.  Further 
exploration  of  this  district,  between  the  Lisu  and  Ramthi  rivers,  has 
disclosed  a  field  of  about  97  acres,  containing  about  5,500,000  tons  of 
coal,  some  of  the  seams  being  from  16  to  20  feet  thick.  This  coal 
furnishes  coke,  and  contains,  on  an  average,  61  per  cent,  of  fixed 
carbon,  and  about  12  per  cent,  of  ash. 

In  connection  with  the  establishment  of  an  iron  and  steel  industry 
in  India,  the  question  of  the  coking  qualities  of  the  Bengal  coal  is  a 
matter  of  considerable  interest.  Coke  has  been  made  for  some  years 
at  Barakar  for  use  in  the  Bengal  ironworks,  which  have  been  recently 
successful  in  smelting  iron  from  the  local  ore.  This  coke,  however,  is 
chiefly  produced  in  open  ovens,  and  modern  methods  do  not  seem  to 
have  been  permanently  adopted  either  in  respect  of  washing  the  coal, 
or  manufacturing  the  coke.  The  coke  appears  to  be  of  inferior  quality, 
being  deficient  in  strength,  whilst  the  percentage  of  ash  ranges  as  high 
as  15  to  24  per  cent.  This  question  has  been  fully  and  ably  inquired 
into  by  Major  R.  H.  Mahon,  R.A.  (Iron  and  Steel  Manufacture  in 
India,  Simla,  1899).  The  soft  coals  of  the  Raniganj-Barakar  series, 
such  as  that  of  Sanctoria  (Desherghur  seam),  were  found  not  to 
produce  a  satisfactory  coke,  but  those  of  Giridih  and  Jheria  (Kenwadih 
and  Kustore),  when  efficiently  washed  and  coked  in  a  closed  oven, 
furnished  an  excellent  hard  coke,  containing  little  sulphur,  and  yielding 
from  10  to  12  per  cent,  of  ash,  which,  though  higher  than  that  of 
English  coke,  would  not  be  an  obstacle  to  its  use  if  the  phosphorus 
in  it  is  not  excessive  (see  Table  IX.,  p.  366).  In  fact,  the  coke  so 
produced  seems,  from  Major  Mahon's  account,  to  leave  little  to  be 
desired  from  a  metallurgical  point  of  view,  and  should  be  well  adapted 
for  the  manufacture  of  iron  and  steel.  The  cost  of  production  is 
calculated  as  not  exceeding  Rs.  4  a  ton  on  the  spot. 


THE    COAL   RESOURCES   OF    INDIA.  325 

Central  Provinces. — In  1900  eight  collieries  were  at  work,  the  output 
being  172,842  tons. 

In  the  west,  the  two  principal  fields  are  those  of  Mohpani  and 
"\Varora.  Owing  to  the  position  they  occupy  midway  between  Bombay 
and  Bengal,  the  coal  of  their  fields  is  likely  to  hold  an  important  place. 
They  are  both  connected  by  branches  with  the  Great  Indian  Peninsular 
Railway. 

The  Mohpani  field  is  rather  less  than  100  miles  from  Jabulpore,  and 
322  miles  from  Allahabad ;  everything  points  to  Jabulpore  becoming 
in  the  future  an  important  industrial  centre.  The  area  of  the  field  is 
not  great  and  the  output  small.  Difficulties  are  said  to  have  been 
encountered  in  working  this  field.  The  samples  of  coal  examined  (see 
Table  V.,  pp.  356-7)  were  of  fail'  quality.  They  did  not  form  coke, 
except  those  from  seams  2,  3  and  4. 

The  "NVarora  field  has  an  area  of  about  420  acres,  and  is  estimated  to 
contain  about  20,000,000  tons,  not  including  a  much  larger  area 
(Ghajas,  Wun,  etc.)  at  present  unworked.  The  seams  vary  in  thickness 
from  12  to  13  feet  (see  Table  V.,  p.  357). 

The  Great  Indian  Peninsular  Railway  is  connected  with  the  field  by 
a  branch  line  from  Wardha,  60  miles  in  length.  Xagpur  is  about  12^ 
miles,  and  Bombay  500  miles  distant  by  rail.  It  has  been  proposed  to 
carry  a  line  from  the  Nizam's  State  Railway  through  the  field  which 
would  bring  it  within  400  miles  of  Masulipatam.  The  mines  are  owned 
by  Government,  and  nearly  the  whole  output  is  taken  by  the  Great 
Indian  Peninsular  Railway.  The  samples  received  varied  much  in 
quality,  and  were  in  general  distinctly  inferior  to  Bengal  coal. 

Some  of  the  Mohpani  coal  of  this  province  appears  to  coke,  a  point 
which  should  be  further  examined  as  being  of  great  importance  in 
connection  with  the  alleged  occurrence  of  good  iron  ore  and  limestone 
in  the  district.  For  this  reason  the  whole  of  this  region  deserves 
attention.  Other  small  coalfields  occur  here,  as  those  of  the  Satpura 
district, -and  Shahpur  and  Pench.  The  coal  is  little  known,  but  further 
development  is  now  possible  through  the  branch  line  of  the  Bengal- 
Xagpur  Railway  to  Chindwara. 

To  the  east,  adjoining  the  Bengal  fields,  are  several  coal  areas 
deserving  attention.  In  the  Mahanadi  Valley  there  are  the  fields  of 
Korba,  Mand,  Talchir,  and  Raigarh-Hingir,  covering  an  area  of  about 
1000  square  miles,  the  coal  of  which  is  also  little  known,  but  is  stated 
to  be  of  good  quality.  The  Rampur  field  on  the  Eeb  River  to  the 
north-west  of  Sambalpur  has  been  recently  re-examined,  and  appears  to 
furnish  a  good  steam  coal,  which  should  be  further  investigated.  It 
is  desirable  that  these  fields  should  now  be  brought  into  railway 
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connection. 
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Central  India. — In  1900  only  one  mine  was  in  active  working,  the 
output  being  164,489  tons. 

The  most  important  field  of  this  district,  and  the  only  one  at  present 
worked,  is  that  of  Umaria,  which  is  34  miles  from  Katni  on  the  Great 
Indian  Peninsular  Railway,  and  connected  by  a  branch  line.  The  field 
has  an  area  of  about  three  square  miles,  and  is  estimated  to  contain 
28,000,000  tons  of  coal.  The  samples  examined  (see  Table  V.,  pp.  355-6) 
show  that  the  seams  vary  in  quality ;  some  of  the  coal  previously 
examined  is  better  than  the  present  sample.  None  of  the  coal  appears 
to  form  coke.  Other  fields  of  this  district  are  Sohagpur  (Singrowli), 
through  which  a  branch  line  of  railway  now  runs  connecting  Katni  on 
the  East  Indian  E  ail  way  and  Bilaspur  on  the  Bengal-Nagpur  line. 
The  coal  of  the  fields  of  Korar,  Johilla,  and  Bisrampur  (Sirguja, 
strictly  in  Bengal)  appears  to  be  similar  to  that  of  Umaria,  but 
requires  further  investigation. 

Nizam's  Dominions  (Hyderabad}. — In  1900  five  collieries  were  at 
work,  producing  469,291  tons. 

This  territory  contains  coal  chiefly  of  the  Barakar  series.  The  largest 
field  and  the  only  one  systematically  worked  is  the  Singareni  in  the 
Godavari  Valley,  which  occupies  about  eight  square  miles,  and  contains 
about  36,000,000  tons  of  coal.  There  are  a  number  of  seams,  one  over 
40  feet  in  thickness.  The  collieries  show  an  increasing  output,  and  do 
a  considerable  trade  both  with  Madras  and  Bombay.  The  field  is 
connected  by  a  branch  line  with  the  Nizam's  State  Railway,  whence 
Masulipatam  is  146  miles,  and  Bombay  653  miles  distant.  Railway 
and  canal  communication  can  also  be  had  with  Madras,  350  miles  away. 
Singareni  coal  has  a  good  reputation  as  a  steam  coal.  The  samples 
examined  were  of  fair  quality,  giving  a  moderate  amount  of  ash,  and  a 
fairly  high  calorific  value  (see  Table  V.,  p.  357).  The  coal  appears 
to  coke  very  slightly,  if  at  all.  The  coal  of  other  fields  of  this  district 
(Kamaram,  Chinar,  etc.)  is  little  known,  but  probably  will  be  found  to 
resemble  that  of  Singareni. 

The  discovery  of  a  good  coking  coal  in  this  district  would  solve  the 
problem  of  smelting  the  excellent  iron  ore  which  occurs  in  quantity 
in  Madras. 

Madras. — The  Presidency  is  not  officially  recognized  as  a  coal 
producer.  Very  little  true  coal  is  likely  to  be  discovered  here.  As 
the  occurrence  of  good  coal  in  this  area  would  be  of  the  highest 
importance,  especially  in  connection  with  the  smelting  of  the 
excellent  iron  ores  of  the  Salem  district,  borings  for  the  mineral  have 
constantly  been  made,  but  with  very  unsatisfactory  results.  Having 
regard  to  the  importance  of  the  Madras  Presidency,  and  especially 
to  its  mineral  wealth,  this  district  should  be  brought  into  railway 
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communication    with    the   coalfields    of    the    Central    Provinces    and 
Bengal. 

The  Rajahzampolli  mines  in  the  Godavari  Valley,  near  Rajahmundry, 
belonging  to  the  Godavari  Coal  Company,  are  said  to  show  an  increas- 
ing output.  Xo  samples  have  been  received  for  examination.  The 
mines  are  stated  to  be  not  yet  fully  established. 

Beddadonal  is  probably  the  most  southern  place  in  which  coal  is 
found  in  India.  The  coal  is  stated  to  be  of  very  inferior  quality,  but 
the  products  of  this  and  of  the  whole  of  the  Madavaram  field  deserve 
fuller  examination. 

Ji'ijpnf'.tna. — There  is  one  mine  worked  in  Rajputana,  namely  at 
Palana,  in  the  Bikanir  region.  The  output  in  1900  was  9250  tons. 
Little  is  known  of  the  quality  of  this  coal,  which  appears  to  be  of 
the  nature  of  lignite. 

Baluchistan. — In  1900  nine  collieries  were  at  work,  producing 
23,281  tons.  Thin  seams  of  tertiary  coal  occur  in  several  places 
in  this  province,  as  in  the  neighbourhood  of  Quetta.  Coal  is  worked 
at  Khost,  and  at  Mach,  in  the  Bolan  Pass. 

The  Khost  colliery  is  working  seams  from  6  inches  to  2i  feet  thick 
on  the  side  of  the  hill.  The  coal,  which  is  easily  mined,  is  conveyed  by 
a  branch  line  of  the  North- Western  Railway.  Khost  coal  is  a  bitu- 
minous coking  coal  of  fair  quality,  but  contains  a  large  proportion  of 
sulphur  ;  its  calorific  value  is  high  (see  p.  350).  The  Khost  coal  is  apt 
to  disintegrate  in  mining,  and  the  dust  is  made  into  patent  fuel. 

Closely  resembling  it,  is  the  coal  from  the  neighbouring  Killa-Hakim 
seam,  which  is  nearly  free  from  sulphur. 

The  output  from  Mach  is  small.     The  coal  resembles  that  of  Khost. 

Punjab. — In  1900  two  collieries  were  at  work,  producing  74,083 
tons.  Tertiary  or  perhaps  cretaceous  coal  occurs  in  several  localities  in 
the  Salt  Range,  but  usually  in  small  quantity  in  thin  seams. 

The  Dandot  collieries  in  the  Jhilan  district,  2000  feet  above  the 
sea-level,  owned  by  the  North-Western  Railway  Company,  work  a  seam 
between  2  and  3  feet  thick,  which  is  mined  at  a  number  of  places  in 
the  roughest  manner,  instead  of  from  one  shaft  at  the  centre.  The 
coal  is  used  by  the  North- Western  Railway.  The  samples  sent  for 
examination  were  of  inferior  quality,  containing  less  than  40  per  cent, 
of  fixed  carbon,  but  showed  a  fairly  high  calorific  value  (see  Table  V., 
pp.  357-8). 

The  Bhaganwala  field,  at  the  extreme  east  of  the  Salt  Range,  is 
estimated  to  contain  about  1,000,000  tons  of  coal.  The  sample 
examined  was  of  poor  quality,  but  showed  a  tendency  to  coke.  The 
coal  from  Pidh  and  Shah  rig  in  this  province  is  of  inferior  quality, 
but  may  be  useful  for  some  purposes,  as  its  heating  power,  dependent  on 
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the  presence  of  solid  hydrocarbons,  is  greater  than  was  to  be  supposed. 
It  might  be  expected  to  furnish  oil  or  gas,  on  distillation,  but  the 
samples  sent  did  not  give  satisfactory  results.  All  these  coals  possess 
the  disadvantage  of  containing  a  relatively  high  percentage  of  sulphur. 

Kashmir. — Coal  is  known  to  occur  in  several  localities,  especially  in 
the  Sangar  Marg  hill.  The  seam  appears  to  be  only  from  2  to  3  feet 
thick,  and  might,  therefore,  be  comparatively  expensive  to  work. 

Axmm. — In  1900  six  mines  were  at  work  producing  216,736  tons. 

The  coal  of  Assam  is,  as  a  rule,  either  cretaceous  or  tertiary,  the 
latter  occurring  in  seams  of  great  thickness,  chiefly  in  Upper  Assam. 
The  tertiary  coal  is  the  more  important;  cretaceous  coal,  as  a  rule, 
being  somewhat  woody  and  resinous,  burning  quickly. 

Cretaceous  fields  are  those  (Daranggiri,  etc.)  of  the  Garo,  Khasi,  and 
Jaintia  Hills.  In  working  these  mines  tunnels  are  made  horizontally 
into  the  sides  of  the  hills.  Tertiary  coal  is  similarly  worked  at  Makum 
and  at  Cherrapunji. 

The  Makum  mines,  in  the  district  of  Lakimpur,  which  are  the  most 
important  as  coal  producers,  contain  very  thick  seams,  some  between 
75  and  100  feet  thick,  and  are  estimated  to  contain  about  18,000.000 
tons  of  coal.  These  mines  are  near  the  terminus  of  the  Assam-Bengal 
Railway,  and  are  likely  to  show  a  considerably  increased  output  in  the 
future.  The  coal  furnishes  little  ash  and  gives  out  more  heat  than 
most  Bengal  coal.  It  is  regarded  as  one  of  the  best  steam  coals  in 
India.  It  is  evident,  however,  that  it  varies  much  in  quality  (see 
Table  V.,  p.  350).  Certain  samples  formed  coke.  Further  information 
is  desirable  as  to  a  seam  near  Tikak,  from  which  an  excellent  sample 
was  taken. 

The  Cherrapunji  field  is  situated  on  a  ridge  of  the  Khasia  Hills.  It 
is  distributed  over  an  area  of  less  than  a  square  mile,  and  is  estimated 
to  contain  about  1,000,000  tons.  The  sample  examined,  though  it 
formed  a  good  coke,  and  showed  considerable  calorific  power,  was 
inferior  to  that  previously  analysed,  which  was  of  first-rate  quality 
(see  Table  VI.,  p.  359).  More  information  is  desirable  as  to  the 
average  quality  of  this  coal  and  of  that  contained  in  other  fields  of  this 
district,  especially  of  Lakadong  in  the  Jaintia  Hills,  where  similar  coal 
is  being  worked  on  a  small  scale.  In  the  Saffrai  (Nazira)  and  other 
districts  of  the  Naga  Hills,  hard  durable  coal  has  been  found,  of  which 
we  have  little  knowledge  at  present.  Since  good  iron  ore  and  limestone 
are  said  to  occur  in  Assam,  the  question  of  the  average  quality  of  the 
coal  is  of  much  interest,  and  should  be  further  examined. 

Burma. — In  1900  only  one  colliery  was  in  active  working,  producing 
10,228  tons. 

The  coal  of  Burma  is  chietly  cretaceous.     Though  not  of  the  highest 
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quality,    there   can  be   no  doubt   that   some  of   it   makes    serviceable 
fuel. 

The  chief  fields  are  those  of  Thingadaw  in  the  Shwebo  district, 
including  the  Letkokbin  mine  on  the  west  bank  of  the  Irrawaddy, 
about  GO  miles  from  Mandalay.  The  seams  are  from  4  to  5  feet  thick. 
The  coal  is  compact  and  hard,  resembling  the  cretaceous  coal  of  Upper 
As-am.  Xo  satisfactory  sample  was  submitted  for  analysis  (see  p. 

The  Chindwin  fields,  near  Kaliwa  on  the  Chindwin  River,  contain 
good  cretaceous  coal  in  seams  from  1  to  12  feet  thick.  The  ash  of  all 
the  Burma  coal  is  small. 

Reference  may  be  marie  to  the  coal  occurring  in  the  Northern  Shan 
States  and  on  the  great  Tenasserim  River,  as  deserving  of  further 
investigation. 

I  have  now  given  a  brief  and  necessarily  general  account  of  the 
Indian  coal  deposits.  For  further  information  as  to  the  precise 
character  of  the  seams,  etc.,  recourse  must  l)e  had  to  the  memoirs 
and  records  of  the  Geological  Survey  of  India,  to  which  we  are  almost 
exclusively  indebted  for  our  precise  knowledge  of  the  localities  where 
coal  exists.  The  latest  information  is,  however,  scattered  and  in.; 
ible,  and  requires  to  be  brought  together  in  a  single  volume.  This  is 
the  more  necessary  as  Ball's  E'-<>un,n'>  /  «r'  India  is  now  much 

out  of  date. 


Quality  of 

The  numerous  analytical  results  given  in  the  Tables  V,  VI.,  and  VII. 
appended  to  this  paper  show  that  excellent  steam  and  coking  coal  occur 
in  India,  especially  in  Bengal  and  Assam.  These  tables  include  all  the 
principal  analyses  which  have  been  recorded.  Indian  coal,  as  a  rule, 
affords  more  ash  than  the  best  European  coal,  and  its  calorific  power  is 
usually  somewhat  lower.  Taking  all  the  defects  of  Indian  coal  of 
average  quality  into  account,  it  may  be  said  to  be  from  17  to  20  per 
cent,  inferior  to  average  British  coal  of  the  same  type.  The  chief  types 
of  Indian  coal  which  were  analysed  are  compared  with  average  British 
coals  in  the  accompanying  tables  (see  Table  VIII.,  p.  366). 

The  fact  that  the  seams  furnish  coal  which  varies  greatly  in  quality, 
even  in  one  and  the  same  seam,  is  evident  from  the  comparison  of 
the  results  of  examination  of  different  samples  (see  Tables  V..  VI.. 
^  II.).  My  own  results  in  certain  cases  show  considerable  variation 
from  those  of  previous  observers,  chiefly  of  the  Indian  Geological 
Survey.  From  information  I  have  received  from  users  of  Indian  coal, 
it  is  apparent  that  this  aspect  of  the  matter  is  one  which  should  receive 
much  more  attention  from  the  colliery  companies  and  their  agents. 
Complaints  are  not  uncommon  as  to  the  disappointing  results  which 


330  APPENDIX. 

have   been  obtained  from  the  trial  of  Indian  coal  reputed  to   be  of 
good  quality. 

I  was  glad  to  see  that  Mr.  H.  H.  Macleod,  in  a  speech  delivered  at 
the  last  meeting  of  the  Indian  Mining  Association,  drew  attention 
t  >  the  subject  and  remarked  : — 

"  Our  only  serious  rival — English  coal  apart — is  Japan,  although  at  some 
time  or  other  we  may  have  to  contend  with  the  limitless  deposits  of  China. 
But  that  is  in  the  future,  and  the  mere  fact  of  such  a  contingency  should  make 
us  all  the  more  energetic  at  pivsent.  What  we  have  now  to  do  is  to  strive  to 
displace  Japanese  coal  in  those  Eastern  markets  where  it  is  ahead  of  us.  Singa- 
pore, for  instance,  is  a  port  where  we  ought  to  do  a  very  great  deal  better  than 
we  have  done  hitherto.  I  notice  that  the  imports  of  Japanese  coal  into  Singa- 
pore for  the  years  1898-1899  were  263,051  and  280,665  tons,  respectively,  as 
against  80,090  and  73,695  tons,  respectively,  of  Bengal  coal,  while  the  average 
price  was  15  dels.  20  cents,  and  10  dols.  35  cents  per  ton  for  Japanese,  10  dols. 
18  cents  and  9  dols.  70  cents  per  ton  for  Bengal.  We  know  that  cheap  freight 
is  the  rule  rather  than  the  exception  from  Japanese  ports  to  the  Straits,  as  it  is 
to  Bombay  ;  and  we  woxild,  therefore,  naturally  expect  to  see  a  close  approxi- 
mation between  the  prices  of  Japanese  and  Bengal  coals  at  a  Straits  port  like 
Singapore.  Such,  however,  is  not  the  case,  and  it  is  interesting  to  enquire  why 
Japanese  coal  should  realise  one  to  five  dollars  per  ton  more  than  our  article. 
There  is  no  parallel  for  such  a  difference  either  in  Colombo  or  Bombay  ;  and 
the  only  possible  explanation  is  that  the  Bengal  coal  sent  to  Singapore  has  been 
inferior  in  quality  to  that  sent  from  Japan.  And  here  it  seems  to  me  that  we 
come  to  what  may  be,  unless  we  are  watchful,  the  greatest  stumbling-block  to 
the  development  of  our  foreign  trade.  This  question  of  quality  cannot  be  too 
strongly  insisted  upon.  And  when  we  hear  of  a  cargo  of  Bengal  coal  reaching 
its  port  of  destination  only  to  be  condemned,  and  of  trials  made  at  another  port 
giving  unfavourable  results,  we  have  before  us  object-lessons  which  afford  food 
for  very  serious  reflection.  In  my  opinion  nothing  can  be  so  damaging  to  our 
future  prospects  as  the  shipment  of  indiscriminate  qualities.  It  is  a  direct 
menace  to  the  future  of  the  trade,  and  will  do  more  than  anything  else  to 
handicap  us  in  those  markets  where  we  have  tc  compete  with  foreign  coal. 
As  for  our  other  great  rival — English  coal — we  know  that  prices  are  falling, 
and  we  expect  them  to  fall  still  further.  Consequently,  with  low  outward 
freights,  Bengal  coal  may  be,  so  to  speak,  squeezed  out  to  a  certain  extent. 
But  I  think  to  a  certain  extent  only,  because  the  case  of  Bombay  shows  that 
our  best  qualities  have  held  their  own  even  with  English  prices  at  their  lowest 
level.  And  if  that  has  been  our  experience  at  Bombay,  there  is  no  reason  why 
it  should  not  be  so  elsewhere.  I  have  said  our  best  qualities,  because  the 
question  of  quality  is,  if  anything,  even  more  important  in  our  competition 
with  English  coal  than  it  is  when  we  are  struggling  against  Japanese.  Hitherto 
we  have  blamed,  and  I  must  say,  to  a  large  extent  rightly  blamed,  the  railways 
and  the  Port  Commissioners  for  the  slow  progress  of  our  foreign  trade.  But  if, 
when  our  coal  actually  gets  into  foreign  markets,  it  is  rejected  because  of  its 
inferior  quality,  or  for  the  same  reason  is  sold  at  unprofitable  prices,  the  onus 
of  our  failure  will  rest  upon  ourselves.  Our  railway  and  dock  difficulties  will 
be  surmounted  in  time.  It  may  be  a  long  time,  but  whether  it  be  long  or 
short,  let  us  at  any  rate  take  care  to  do  nothing  in  the  interval  to  damage  our 
ultimate  chances  in  foreign  markets,  by  offering  coal  which  is  useless  to  them 
and  discreditable  to  us.'" 

Many  of  the  questions  which  are  raised  in  the  development  of  the 
coal  industry  in  India  require  the  advice  of  an  expert  for  their 
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determination,  and  I  venture  to  suggest  that  the  Government  of  India, 
through  the  Geological  Survey,  might  render  important  service  to  the 
development  and  extension  of  this  industry.  Economic  geology  should 
occupy  an  important  position  in  a  country  like  India,  where  industrial 
enterprise  is  one  of  the  most  pressing  needs.  Much  still  remains  to  be 
done  in  exploring  many  of  the  Indian  coalfields,  and  in  ascertaining 
precisely  the  quality  of  the  coal  they  furnish,  and  the  purposes  for 
which  it  is  adapted.  In  all  these  respects  the  department  of  the 
Geological  Survey,  if  so  requested  by  Government,  might  render 
considerable  assistance  if  it  were  understood  to  be  the  principal  duty 
of  several  of  its  highly  qualified  officers  to  make  all  the  necessary 
investigations  of  the  Indian  coalfields,  from  an  economic  as  well  as 
from  a  scientific  standpoint,  and  to  supply  information  of  industrial 
value  on  the  many  questions  involved  in  their  successful  working. 
There  can  be  little  «doubt,  that  some  of  the  coal  seams  have  suffered 
considerably  from  having  been  improperly  worked  in  the  first  instance 
without  technical  advice. 

From  the  results  of  the  most  recent  examinations  of  samples  of 
Indian  coal,  I  am  led  to  conclude  that  coal  of  better  quality  is  being 
mined  from  certain  seams  than  was  formerly  the  case. 

It  should  not  be  forgotten  that  cheapness  is  the  factor  which  chiefly 
determines  the  present  increasing  output  of  Indian  coal,  and  for  this 
reason  Indian  coal  of  poorer  quality  is  taken  by  steamships  in  prefer- 
ence to  the  better  English  coal  on  account  of  its  much  smaller  cost. 

It  is  desirable  that  exact  information  should  be  obtained  as  to  the 
extent  to  which  the  different  varieties  of  Indian  coal  are  likely  to 
undergo  deterioration  during  transport  and  storage,  so  that  the 
necessary  precautions  may  be  taken.  It  is  certain  that  some  Indian 
coal  will  give  trouble  on  account  of  the  readiness  with  which  it 
fractures.  Other  varieties  are  liable  to  the  disintegration  which  is 
the  result  of  atmospheric  weathering.  I  allude  elsewhere  to  the 
means  by  which  the  "  slack  "  and  broken  coal  could  be  utilised. 

Since  Indian  coal  is  now  largely  consumed  by  steamship  companies 
plying  in  Indian  waters,  I  have  enquired  of  the  principal  steamship 
companies  trading  with  India,  to  what  extent  they  consume  Indian 
coal,  and  what  their  experience  is  of  its  use.  I  summarise  the  replies 
I  have  received  from  the  chief  steamship  companies  : — 

1.  "  I  am  desired  to  inform  you.  that  all  the  Company's  Indian,  coal 
purchases  are  made  at  Calcutta,  and  that,  although  the  qualities  of  the  various 
descriptions  obtainable  there  differ  considerably,  our  general  experience  may 
be  set  down  to  indicate  that  the  consumption  is  25  per  cent,  above  that  of 
Welsh  coal. 

'•  I  may  add,  that  in  our  mail  steamers  we  have  never  been  able  to  obtain  a 
satisfactory  result  in  point  of  speed,  from  the  sole  employment  of  Indian  coal  ; 
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to  effect  this,  a  mixture  with  Welsh  coal  in  the  proportion  of,  say,  one-third  of 
the  former  to  two-thirds  of  the  latter  is  necessary." 

2.  "All  the  coal  we  have  purchased  east  of  the  Suez  Canal  during  this"  year 
(1901)  has  been  Indian  coal,  with  the  exception  of  the  small  quantity  we 
required  for  a  vessel  under  our  charter,  which  vessel  not  being  provided  with 
forced  draught  was  unable  to  make  satisfactory  use  of  Indian  coal. 

"  We  may  say  generally  that  our  experience  is  that  the  Indian  coal  has 
improved  in  quality,  and  we  consider  it  likely  to  hold  its  own  in  the  supply 
of  the  Eastern  market." 

3.  "  We  are  large  users  of  Indian  coal.     It  is  difficult  to  give  you  any  definite 
information  as  to  the  practical  value  of  Indian  coal,  that  is  steam  coal,  such  as 
we  use  for  our  steamers,  owing  to  the  widely  fluctuating  results  in  consumption 
as  they  appear  to  us  from  experience.     We  have  tried  the  various  qualities  of 
coal  supplied  at  Calcutta,  in  some  cases  buying  these  coals  through  the  London 
agents  of  the  suppliers,  or  in  other  cases  buying  them  through  our  agents  in 
( 'alcutta  ;  but  in  all  cases  our  enquiries  have  been  made  for,  and  our  object  has 
been  to  purchase,  the  best  description  of  coal  for  steamer  purposes. 

"  We  have  been  most  disappointed  in  results,  as  a  general  experience  ;  and 
we  think  we  are  not  far  wrong  if  we  state,  that  we  have  found  the  general 
character  of  Indian  coal  far  worse  in  practical  value  than  any  other  coals 
whicli  we  are  accustomed  to  deal  with.  At  the  same  time  the  exigencies  of 
our  trade  compel  us  to  have  recourse  to  Indian  coals  even  in  the  face  of  such 
drawbacks. 

"  We  are  being  impressed  by  degrees  lhat  a  better  description  of  coal  is  being 
produced  in  certain  parts  of  India  than  any  which  wo  have  been  accustomed  to 
have  siipplied  to  us  at  Calcutta. 

"  We  consider  that  the  coal  business  of  India  could  be  immensely  developed 
by  means  of  supplies  to  steamers  if  only  shipowners  could  be  made  acquainted, 
on  unquestionable  authority,  with  the  names  of  the  best  descriptions  of  coal 
suited  for  the  purpose.  We  consider,  upon  such  imperfect  knowledge  as  we 
possess  of  the  circumstances  affecting  the  coals  shipped  in  Calcutta,  that  the 
coal  proprietors  do  not  give  proper  or  efficient  supervision  in  raising  the  coal 
and  sending  it  for  shipment  to  ensure  that  it  has  been  cleaned  of  the  enormous 
percentage  of  dirt  which  apparently  is  raised  with  it. 

"  We  have  found  some  of  the  coal  capable  of  fairly  raising  steam,  but  it  has 
been  sadly  depreciated  by  the  large  amount  of  dirt  which  is  mixed  with  the 
coal.  We  are  sure  this  could  be  obviated  to  a  large  extent  in  the  same  way  as 
is  now  done  in  this  country  if  only  proper  machinery  were  made  use  of  for 
cleaning  the  coal. 

"There  is  a  great  opening  for  the  Government  to  assist  in  the  development 
of  the  coal  resources  of  India  by  establishing  some  system  which  shall  ensure 
the  coal  being  sent  to  port  in  a  much  cleaner  condition,  and  which  shall  pre- 
vent the  large  percentage  of  dirt  and  rubbish  which  now  goes  under  the  name 
of  coal.  Also,  as  Government  controls  the  railways,  they  might  bring  about 
some  improvement  by  a  better  supply  of  railway  trucks. 

"Our  steamers  use  coal  from  various  countries.  We  buy  largely  of  British 
coal  (Welsh,  North  Country  and  Scotch),  also  we  are  large  users  of  Natal  coal 
and  of  Australian  coal,  as  well  as  of  coals  raised  in  the  United  States  and 
shipped  at  the  Atlantic  ports,  New  York,  etc.  Our  reason  for  purchasing 
these  various  descriptions  is  that  it  is  convenient  for  the  trades  in  which  our 
steamers  are  engaged,  but  as  your  enquiry  appears  to  be  more  particularly  as 
to  the  Indian  coals,  we  may  state  that  we  often  give  a  decided  preference  to 
one  or  other  of  these  coals  (which  can  be  obtained  in  India)  over  the  Indian 
coals  even  at  a  very  large  increase  in  price.  If  some  means  could  be  taken  to 
improve  the  quality  of  the  Indian  coals  obtainable  at  Calcutta  and  other  Indian 
ports,  we  have  no  doubt  we  should  be  able  to  reduce  our  use  of  other  coals, 
and  thus  take  a  larger  share  of  our  requirements  in  Indian  coals,  and  in  this 
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way  we  have  no  doubt  the  development  of  the  coal  resources  of  India  would 
be  accelerated." 

4.  "  The  Assam  coal  is  good,  but,  with  two  or  three  exceptions,  we  have 
found  Bengal  coal  not  at  all  suitable  for  our  steamers.     At  the  same  time  we 
use  it  freely  on  board  our  vessels,  as  the  cost  of  it  is  small  compared  with  the 
price  of  imported  fuel." 

5.  "This  Company  have  been  using  Indian  coal  as  steam  coal  for  the  past 
five  years  or  so  ;  and  in  spite  of  repeated  trials  with  different  qualities,  they 
have  come  to  the  conclusion  that  Indian  coal  does  not  answer  the  purpose  for 
fast-going  steamers,  as  it  does  not  give  the  required  pressure  for  a  certain 
speed  which  British  coal  generally  gives,  the  consumption  being  at  an  average 
of  40  per  cent,  higher. 

"  For  this  reason,  which  is  capital,  it  is  likely  that  the  Company,  and  no 
doubt  all  others  entrusted  with  mail  contracts,  will  not  extend  the  employment 
of  Indian  coal  as  long  as  British  coal  is  procurable  with  advantage. 

"  Indian  coal  will  still  and  always  be  of  great  advantage  to  cargo-boats  and 
tramps  for  which  speed  is  a  matter  of  no  importance;' 

6.  " .  .   .  We  have  been  supplying  only  Indian  coal  here  (Bombay)  to  our 
steamers  since  the  great  rise  of  prices  in  Cardiff  two  years  ago. 

"  Our  engineers  have  found  that  the  '  Desherghur  '  from  Bengal  gives  the 
best  results.  I  may  add  that  the  Indian  coal  is  generally  considered  to  be 
about  10  to  15  per  cent,  less  effective  than  Cardiff,  the  evaporation  being 
quicker. 

"  Our  present  price  for  '  Desherghur '  is  20s.  per  ton,  while  Cardiff  could  not 
be  had  under  28s." 

7.  "  Indian  coal  is  used  exclusively  in  the  Company's  steamers  trading  east 
of  Suez,  as  it  is  cheaper  than  British  coal  ;  the  Company's  steamers  trading 
between  Europe  and  the  East  use  English  coal  only  west  of  Suez,  where,  as 
yet,  Indian  coal  cannot  compete  with  English  coal.1'' 

8.  "...  We  have  only  carried  Bengal  coal  once  for  use  in  our  steamers, 
and  the  result  was  so  bad  that  we  never  tried  it  again.     We  are  sorry  we  are 
unable  to  give  you  the  name  of  the  mine  whence  it  came  or  any  particulars, 
other  than  that  it  was  taken  in  at  Rangoon  and  consumed  between  that  port 
and  Colombo." 

9.  ''The  facilities  for  transport  and  distribution  are  greatly  hampered,  as 
the  supply  of  railway  rolling-stock  does  not  meet  the  requirements  of  the 
trade.     We  are  also  of  the  opinion  that  if  the  railway  rates  were  reduced,  the 
distribution  to  more  distant   places  would  be  the  result.     We  consider  the 
Government  should  assist  the  development  of  the  coal  resources  of  India  by 
arranging  for  greater  railway  facilities.    This  is  a  matter  which  has  frequently 
been  brought  to  the  notice  of  the  Government  of  India  in  recent  years. 

"  In  our  steamers  and  factories  we  consume  about  5000  tons  of  Indian  coal 
per  month,  and  we  find  it  a  fair  steaming  coal  ;  but  to  get  the  same  results 
out  of  a  boiler  as  you  would  with  Welsh  coal,  it  is  necessary  to  have  about 
15  per  cent,  more  grate  surface.  We  only  employ  British  coal  on  this  side  of 
the  Suez  Canal." 

10.  ;i  The  number  of  steamers  in  our  Company  (including  launches)  is  86, 
and  the  coal  consumed  during  the  year  1900  amounted  to  about  1,050,000  tons, 
the  whole  of  which  was  raised  in  India. 

''  We  may  state  that  with  a  good  quality  of  Indian  coal  we  have  no  difficulty 
in  maintaining  steam  in  any  of  uur  vessels,  and,  so  far  as  we  can  trace,  we  have 
never  used  any  other  than  Indian  coal  since  the  formation  of  our  Company 
nearly  sixty  years  ago.  For  very  many  years  our  supplies  were  drawn  ex- 
clusively from  the  coalfields  on  the  BurcUvan  and  Raniganj  districts  in  Bengal, 
and  we  still  draw  the  bulk  of  our  Calcutta  requirements  from  that  region.  In 
1885,  coal  from  the  Lakimpur  district,  in  Assam,  became  available,  and  since 
that  date  our  requirements  for  the  Brahmaputra  line  have  been  drawn  from 
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that  district,  Dibrugarh  being  the  port  of  shipment.  This  Assam  coal  is 
superior  in  steam-raising  power  to  the  Bengal  product,  and  is  used  as  much 
as  possible,  but  the  cost  of  carriage  prohibits  its  use  in  Bengal.  We  are, 
therefore,  in  the  advantageous  position  of  being  able  to  draw  coal  supplies  at 
both  extremes  of  our  principal  (i.  e.  Assam)  line." 

As  Ceylon  is  becoming  a  large  user  of  Indian  coal,  the  following 
statements  as  to  experience  of  its  use  there  are  of  interest : — 

"The  Indian  coal  imported  into  Ceylon  is  drawn  from  Bengal,  and  the 
quantities  imported  since  1894  have  been  as  follows : — 

Tons. 

1894 61,586 

1895 47,566 

1896 67,417 

1897 105,213 

1898 213,852 

1899 163,908 

1900 335,346 

1901  (For  9  months,  Jan.  1  to  Sept.  30)     .        .         .  260,869 

"From  this  it  appears  that  the  offtake  is  increasing  rapidly,  the  greater 
part  being  for  the  supply  of  steamers  calling  at  Colombo  ;  but"  about  40,000 
tons  a  year  are  now  being  consumed  on  the  Ceylon  Government  Railway. 

"The  objections  to  Indian  coal  as  compared  to  Welsh  coal  are,  that  the 
former  leaves  more  ash,  and  consequently  about  25  per  cent,  more  is  required 
to  accomplish  the  same  amount  of  evaporative  work. 

"The  chemical  analysis  of  some  well-known  Indian  (Bengal)  coal  is  as 
follows : — 

Per  Cent. 

Carbon  fixed 65'75 

Volatile  matter 26 '05 

Ash 6'55 

Moisture  .        .  1-65 


100-00 

"  Steamers  are  finding  it  so  much  cheaper  than  Welsh  coal  that  it  is  being 
more  largely  used  every  year,  and  there  is  every  likelihood  of  it  coming  into 
general  use  for  all  but  mail  steamers,  which  require  Welsh  coal  on  account  of 
the  speed  required  to  be  maintained.  Indian  coal  is  used  by  industrial 
establishments  in  Colombo,  such  as  ice  factories,  the  electric  car  generating 
depot,  etc.,  but  the  quantity  thus  consumed  is  not  large.  A  few  years  ago, 
owing  to  the  absence  of  sufficient  facilities  for  transport  on  the  Indian  rail- 
ways, the  conveyance  of  coal  to  Calcutta  was  much  hindered,  but  this  has,  in 
some  degree,  been  remedied. 

"  The  consumption  of  Indian  coal  by  steamers  is  likely  to  expand  rapidly, 
for,  as  new  steamers  are  built,  provision  is  made  for  draught  in  the  furnaces 
such  as  will  admit  of  its  being  used  more  generally ;  and,  in  a  measure,  this 
will  tend  to  the  displacement  of  Welsh  coal." 

The  following  remarks  are  taken  from  the  reports  of  locomotive 
engineers  of  the  Ceylon  railways,  which  have  recently  largely  used 
Indian  coal  : — 

"In  1897  the  increased  expenditure  was  chiefly  brought  about  by  the  cost 
of  Welsh  coal  having  jumped  from  an  average  of  Jte.  18-50  per  ton  in  1896  to 


THE   COAL   RESOURCES   OF    INDIA.  335 

Ks.  27-62  in  1897.  This  tremendous  increase  in  the  price  of  British  coal 
would  have  had  a  still  more  serious  effect  upon  the  working  had  it  not  enabled 
Indian  coal  to  compete  successfully  with  it,  and  during  the  year  8081  tons  of 
Indian  coal  were  consumed  at  an  average  cost  of  Rs.  13-09  per  ton.  Indian 
coal,  under  the  most  favourable  conditions,  shows  an  inferiority  to  the  best 
Cardiff  coal  of  17  per  cent,  on  the  low  country  main  line,  and  on  the  upper 
main  line  sections,  on  the  grades  of  1  in  44,  from  30  to  33  per  cent,  inferior. 
The  use  of  this  coal  on  these  grades  gave  considerable  trouble,  as  the  large 
consumption  per  mile  on  the  up  journey,  namely,  140  Ib.  per  mile,  left  so 
much  residue  in  the  fireboxes  after  a  20-mile  run  that  it  was  absolutely  neces- 
sary to  clean  the  tires  to  such  an  extent  that  time  was  invariably  lost. 

"  The  altered  grate  arrangements  also  permitted  considerable  quantities  of 
burning  coal  to  drop  into  the  ashpans  and  from  them  on  to  the  sleepers,  which 
gave  rise  tu  several  complaints  from  the  permanent  way  staff.  The  coals 
burned  were  Borrea,  Anthracite,  Giridih,  and  Singareni,  the  most  economical 
and  suitable  being  Giridih  ;  but  the  continued  use,  even  on  the  lower  sections, 
will  to  a  great  extent  be  governed  by  its  relative  cost  compared  to  Welsh  coal. 
At  the  price  paid  for  it  during  the  year  it  is  very  close  competition  with  fire- 
wood. 

'•A  saving  of  Rs.  113.000  was  effected  in  the  running  charges  by  the  use  of 
Indian  coal  during  1898.  The  general  adoption  of  Indian  coal  instead  of 
Welsh  coal  has  very  considerably  reduced  our  locomotive  expenses  ;  so  much 
so  in  fact  that  the  consumption  for  the  year  shows  an  increase  of  3'800  Ib.  per 
train  mile,  yet  in  consequence  of  the  cost  of  Indian  coal  (including  handling) 
having  been  less  by  10  per  cent,  per  train  mile,  the  result  has  been  a  saving  of 
Rs.  113,000. 

"In  1898  fuel  consumption  increased  to  99  Ib.  per  English  mile  and  5'30 
per  train  mile.  This  increase  was  due  to  the  large  use  of  Borrea  coal,  which 
gave  considerable  trouble  throughout  the  year." 

The  employment  of  Indian  coal  un  the  Indian  railways  is  largely 
increasing  (see  Table  IV.,  p.  349). 

On  the  whole,  the  information  as  to  the  value  of  Indian  coal  for 
steamship  and  locomotive  purposes  obtained  from  the  principal  con- 
sumers is  fairly  satisfactory  and  encouraging.  It  is  evident,  however, 
as  I  have  already  pointed  out,  that  better  supervision  must  be  exercised 
in  order  to  secure  for  these  purposes  the  most  suitable  coal,  and  greater 
care  taken  that  it  does  not  for  any  reason  fall  below  standard  quality. 
It  would  probably  be  worth  wjiile  for  the  colliery  companies  to  appoint 
a  special  inspector  in  Calcutta  for  this  purpose. 

Methods  of  Mining,  Labour,  Price*. 

In  1900  there  were  271  collieries  working  in  India,  producing  more 
than  6,000,000  tons  of  coal,  valued  at  over  20,000,000  rup< 

Native  labour  is  universally  employed  and  the  coal  is  generally  cut 
by  hand.  In  1900  nearly  90,000  people  were  employed  in  coal-mining, 
the  average  pay  for  underground  work  being  about  1]  rupees  a  week. 
Modern  machinery  for  haulage  is  being  gradually  introduced  into  the 
Bengal  mines,  and  the  "gin"  and  bucket  worked  by  women  is  less 
coinmonlv  seen. 
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The  mines  are  owned  partly  by  joint-stock  companies,  private  indi- 
viduals, and  the  State,  generally  through  the  railway  companies. 

Indian  coal  at  the  pit's  mouth  is  probably  lower  in  price  than  in  any 
other  country,  often  reaching  2  rupees  a  ton.  The  local  wholesale 
selling  price  of  Bengal  coal  was,  in  1900,  4s.  5d.  a  ton,  as  against  4s.  '2d. 
in  the  previous  year.  The  wholesale  price  for  imported  coal  in  Calcutta 
averaged  32s.  Id.  per  ton.  The  export  duty  on  British  coal  will  no 
doubt  tend  still  further  to  stimulate  the  coal  industry  of  India,  and  to 
reduce  still  further  the  import  of  British  coal  into  India. 

The  following  accounts  of  the  mode  of  working  in  the  mines  (taken 
chiefly  from  the  Imperial  Institute  Handbook,  1893)  will  be  of  interest. 

In  the  Bengal  fields  the  Bengal  Coal  Company  reported  that  — 

"  The  labour  is  always  causing  trouble.  There  are  far  too  few  miners,  and 
there  is  far  too  much  independence.  The  average  miner  never  attempts  to 
earn  more  than  a  day's  wage,  although  the  people  might  work  themselves  up 
into  a  position  of  comparative  comfort  if  they  would  try  to.  The  bulk  of  tlie 
labour  consists  of  Bauris  and  Sonthals. 

"Karharbari  coalfield  is  mainly  worked  by  three  companies — the  Raniganj 
Coal  Association,  the  Bengal  Coal  Company,  and  the  East  Indian  Railway. 
The  system  here  is  similar  to  that  obtaining  all  over  Bengal.  The  working 
Aours  are  from  6  a.m.  to  6  p.m.,  and,  perhaps,  later  when  extra  work  is 
required.  Only  four  days  a  week  real  work  is  clone,  and  the  consequence  is 
that  collieries  must  have  a  far  greater  number  of  working  places  than  the  same 
output  in  England  would  warrant.  All  the  miner's  family  work  with  him, 
carrying  or  training  his  coal.  Picks  of  English  pattern  and  make  are  now 
universal,  the  crowbar  and  single  pick  having  been  ousted.  The  workings  are 
on  the  board  and  pillar  system.  Pillars  vary  from  12  feet  to  40  feet  square  and 
40  feet  x  60  feet.  In  the  shallow  mines  and  thin  seams  (7  to  8  feet)  the 
former  size  obtains  ;  in  the  thick  seams  (from  12  to  20  feet)  the  latter.  Pillars 
are  worked  in  the  8-feet  seam  in  the  following  manner  : — A  4-feet  chock  is  placed 
between  each  pillar  in  the  row  of  pillars  (generally  six  in  number)  that  are  to 
come  out.  A  chock  is  also  placed  in  front  of  each  pillar.  The  pillar  is  then 
attacked  from  the  front  side.  When  pillars  are  taken  out,  the  chocks  are  with- 
drawn and  the  roof  falls. 

"  The  remarks  on  the  Raniganj  coalfield  given  below  apply  in  some  measure 
to  the  Karharbari  field.  On  sinking,  coal-cutting,  the  miner's  love  of  holiday, 
lighting  of  mines,  etc.,  the  description  in  one  gase  is  a  description  in  the  other. 
Payments  in  this  coalfield  are  weekly  on  Sunday  mornings,  the  miners  resorting 
from,  the  pay  offices  to  the  East  Indian  Railway  bazaar,  which  was  established  to 
attract  local  labour,  and  which  has  done  so.  The  labourers  consist  of  low  caste 
Mussulmans  and  Hindus,  as  also  aborigines — Sonthals  and  Kols.  There  are 
some  Bauris,  brought  from  Raniganj  to  teach  the  local  men  how  to  cut  coal. 
The  local  men,  however,  cut  coal  better,  as  they  have  discarded  the  Bauri 
sabel.  Local  labour  is  more  tractable,  and  the  Bauris  are  not  in  such  requisition 
as  formerly. 

"  Drainage  is  effectively  carried  out  by  Tangye's  special  and  lifting  and 
forcing  pumps,  worked  by  bob-levers  from  horizontal  engines.  The  machinery 
is  of  good  type,  and  winding  and  hauling  are  done  by  good  engines. 

"  Ventilation  is  attended  to  in  the  deep  mines,  mainly  by  furnaces  or  steam- 
jets. 

"  The  miners  live  in  small  villages,  aggregations  of  huts  of  mud  walls  or 
bricks  set  in  mud  with  thatched  or  tiled  roof.  The  hut  consists  of  one  room, 
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some-times  two,  of  1'rom  6'  x  6'  to  10'  x  10'  in  size.  Those  better  off  have 
cowsheds  and  granaries  :  these  two  latter  with  the  dwelling  forming  three  sides 
of  a  quadrangle.  The  larger  proportion  of  the  labourers  cultivate  during  the 
rainy  season,  and  work  at  the  collieries  only  in  the  cold  season,  say,  from 
October  to  June.  Some  of  the  labourers  have  settled  down  to  coal-cutting  as 
a  calling,  and  these  work  constantly,  always  excepting  Monday,  which  is 
invariably  a  holiday. 

"  Coal-cutting  is  paid  for  by  contract  at  so  much  a  tram  or  bucket.  These 
are  of  various  sizes.  The  price  generally  amounts  to  from  7  to  8  annas  per 
ton  for  large,  and  14  to  If  annas  per  ton  for  small  coal.  All  other  work,  as 
stone-cutting,  sinking,  rail-laying,  etc.,  is  paid  for  by  daily  wages. 

"  The  coal  is  hand-picked  into  four  kinds.  Steam  is  larger  than  2-inch  cube, 
rubble  larger  than  f-inch  cube,  smithy  down  to  j-inch  cube,  and  all  smaller 
than  that  is  called  slack  or  dust.  This  picking  or  screening  is  done  by 
contract,  and  for  rubble  or  smithy  the  coolies  get  about  4  annas  per  ton. 
Slack  is  not  paid  for.  Loading  is  done  by  hand,  into  the  railway  wagons. 
At  the  mines  tipplers  are  used  for  discharging  the  coal  from  underground 
trams  into  the  wagons  that  run  into  the  narrow-gauge  tramways. ': 

"  In  a  paper  read  before  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers,  in  1880,  Dr.  Saise  said  with  reference  to  mining  labour 
at  the  Karharbari  coalfield  : — '  The  men  are  not  perfectly  weaned  from  their 
ordinary  caste  pursuits.  The  hold  on  them  is  not  great,  and  any  discontent  is 
followed  by  migration.  They  pick  up  their  beds,  or  rather  their  wives  do, 
collect  the  cooking  utensils,  gird  up  their  loins,  and  depart.  Labour  has  been 
attracted  to  settle  in  the  immediate  vicinity  by  allotment  of  land  at  nominal 
rents  on  the  understanding  that,  when  cultivation  is  over,  they  shall  work  in 
the  mines.  The  rainy  season  no  sooner  commences  than  the  labour  decreases. 
Men,  women,  and  children  go  away  to  cultivate  their  own  plots,  or  the  plots 
of  those  to  whom  they  are  indebted,  and  the  output  drops.  From  the 
beginning  of  July  until  November  the  cultivation,  and  then  the  religious 
festivals,  keep  the  output  low.  From  November  to  June  following  most  of  the 
coal  is  raised.  Cheap  rice  makes  labour  scarce,  as  a  native  will  not  work  if  he 
has  enough  to  eat  without  it.  Scarcity  fills  the  mines  to  overflowing.  Still 
the  general  state  is  "  want  of  labour."  It  will  probably  take  many  years  to 
train  up  a  set  of  miners  who  will  follow  nothing  else  but  mining  as  a 
profession.' " 

"  The  following  notes  on  the  Raniganj  coalfield  are  by  Mr.  T.  H.  Ward : — 

'The  Chord  line  of  the  East  Indian  Railway  passes  across  this  coalfield,  and 
the  collieries  are  clustered  on  either  side,  and  along  the  Barakar  branch  sidings 
and  branches,  up  to  six  miles  in  length,  built  by  private  enterprise,  connect 
most  of  the  collieries  to  the  main  line.  Here  winding  engines,  wire-rope  guides 
and  tipplers,  and  the  regular  paraphernalia  of  an  English  colliery  are  fast  sup- 
planting the  primitive  "gin"  and  bucket  of  a  few  years  ago.  These  gins 
were  (and  some  are  still)  turned  by  women,  25  to  30  being  employed  on  each 
gin.  They  kept  time  to  a  monotonous  chant,  which  they  sang  as  they  tramped 
round  and  round. 

'The  sinking  in  the  district  is  easy,  through  soft  sandstones,  no  brick- 
work being  required  to  protect  the  sides.  Heavy  water  is  sometimes  met 
with. 

'  The  coal  in  the  east  of  the  field  is  very  strong  and  non-caking.  The 
sandstone  roof  is  also  very  strong,  and  comes  right  down  into  the  coal. 
Practically  no  timber  is  required  in  working  the  coal  in  the  manner  described 
below.  In  the  west  of  the  field  at  Sanctoria,  for  instance,  the  coal  is  not  so 
strong,  though  the  roof  is  everywhere  the  same.  From  Belrooi  near  Sitaram- 
pore,  westwards,  the  seams  worked  are  all  coking  coals. 

4  The  seams  worked  are  seldom  less  than  10  feet,  and  sometimes  reach  18 
feet  in  thickness.     In  the  Barakar  Coal  Company's   Kumardhubi   colliery 
i.  z 
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and  the  Bengal  Coal  Company's  Laikdee  colliery  on  the  west  of  the  Barakar, 
the  enormous  thickness  of  upwards  of  80  feet  has  been  fonnd. 

'  The  mine  is  laid  out  underground  on  the  same  plan  throughout  the  district. 
This  plan  has  been  stereotyped  all  over  the  field,  and  is  adopted  without 
reference  to  its  suitability  to  the  different  conditions  obtaining  in  the  various 
seams  worked.  Indeed  it  has  been  adopted  apparently  more  with  reference  to 
the  prejudices  of  the  native  miner  than  from  economical  considerations. 
Galleries  are  excavated  to  the  full  height  of  the  seam,  12  feet  to  16  feet  in 
width,  leaving  square  pillars  of  varying  sizes  to  support  the  roof,  many  acres 
being  thus  often  left  on  pillars.  The  native  coolie  insists  (and  he  has  his  own 
way  very  much  in  this  coalfield)  on  commencing  operations  at  the  roof,  and 
working  downwards  until  the  full  height  of  the  seam  has  been  excavated.  His 
chief  and  dearly-prized  weapon  is  a  "  sabel "  or  crowbar,  with  a  sharp  point  at 
one  end.  With  this  he  smashes  the  coal,  standing  always  when  at  work.  He 
never  groves  beyond  the  first  "  cleat."  Gangs  of  four  to  five  men  occupy  each 
gallery.  They  are  paid  by  the  bucket  or  tram  of  steam  coal  or  small  delivered 
at  the  pit  bottom.  If  any  timber  has  to  be  set  up  in  a  working  place,  a  man  of 
the  carpenter  class  (Clnitar),  who  is  paid  a  daily  wage,  must  be  sent  for  the 
purpose. 

'  Women  and  children  work  underground,  and  are  principally  employed  in 
carrying  the  small  coal  and  dust.  They  are  also  paid  by  the  tram  or  bucket. 
The  women  often  take  their  babies,  two  or  three  months  old,  down  the  mine, 
taking  with  them  also  a  small  cot  on  which  the  child  sleeps  or  plays  while  its 
parents  are  at  work. 

'  Access  to  the  mines  is  very  generally  by  inclines  opening  to  the  surface. 

'  In  the  eastern  part  of  the  district  the  seams  are  for  the  most  part  flat,  in  the 
central  and  western  parts  the  strata  are  often  steep  (the  general  dip  being 
southerly),  the  intrusions  (dykes)  of  trap  rock  become  more  frequent.  The 
deepest  shafts  are  about  250  feet,  the  largest  part  of  the  coal  yet  won  being  from 
much  less  depths.  Some  fire-damp  has  been  met  with  in  the  western  part  of 
the  district.  Chanch  colliery  (west  of  the  Barakar),  belonging  to  the  Bengal  Coal 
Company,  was  abandoned  some  years  ago  after  an  explosion  in  which  several 
men  were  burnt,  some  of  whom  died.  At  Sanctoria,  also  belonging  to  the 
Bengal  Coal  Company,  some  men  were  burnt  in  1883. 

'  The  quarries  at  Kumardhubi  and  Laikdee  have  already  been  mentioned. 
Thousands  of  tons  of  coal  have  been  won  from  the  outcrops  merely  of  these 
magnificent  seams,  and  thousands  of  tons  remain  still  to  be  worked  without 
indenting  on  their  resources  at  any  greater  depth. 

'  The  "  Bauri "  is  the  principal  caste  which  supplies  coal-cutters  for  the 
district.  In  some  respects  the  Bauri  collier's  characteristics  are  amusing,  like 
those  of  his  Western  prototype.  He  is  very  fond  of  getting  drunk,  especially 
at  week  ends,  and  is  very  disinclined  to  go  to  work  on  Mondays.  For  the  rest 
he  is  good-tempered  and  improvident.  It  is  a  difficult  matter  to  persuade  him, 
although  he  is  always  paid  a  "ticca"  (contract)  rate  for  his  work  and  could 
easily  increase  his  earnings,  to  do  more  than  will,  with  his  wife's  contributions, 
keep  the  household  in  rice  and  himself  in  drink  for  the  day.  The  nearly 
universal  and  very  bad  custom  in  this  district  is  to  pay  each  evening  for  the 
work  done  during  the  day.  The  collier  or  coolie  has  often  to  wait  about  until 
8  or  9  for  his  money.  He  then  goes  cheerfully  home,  and  remains  up  half  the 
night  drinking  and  singing  with  his  companions  (he  is  very  social  in  his  habits), 
incomprehensibly  happy  with  his  tuneless  tom-tom.  In.  the  morning  he  trudges 
back,  very  often  7  or  8  miles  (a  distance  of  course  travelled  twice  a  day),  to 
work,  and  is  down  in  the  pit  at  9  or  10  a.m.  All  day,  in  the  intervals  of  work, 
he  sucks  the  comforting  hubble-bubble  (hookah). 

'  The  light  which  the  collier  carries  with  him  is  exceedingly  primitive.  He 
gets  an  allowance  of  oil  in  proportion  to  the  number  of  trams  of  coal  he  cuts. 
Every  morning  he  draws  at  the  godown  sufficient  for  his  requirements  during 
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the  day,  and  an  allowance  of  cotton  thread  or  old  rags  to  serve  for  wick.  This 
oil  he"  burns  in  a  ••  chiragh  "  or  small  piece  of  stone  hollowed  out  into  the 
shape  of  a  boat  (a  piece  of  tile  from  the  roof  of  his  house  is  often  substituted). 
In  this  he  places  a  small  quantity  of  oil  and  a  portion  of  wick.  Any  oil  he 
can  save  from  his  allowance  is  his  perquisite,  and  he  can  carry  it  home. 
Mohawa  and  castor  oil  are  the  chief  oils  used.  Some  of  the  mines  are  lighted 
by  kerosene  burnt  in  small  tin  lamps  holding  about  two  ounces,  with  small 
circular  wicks.  The  native  does  not  like  this  plan  so  well,  as  he  cannot  use 
it  to  rub  on  his  body  or  to  season  his  food,  a  purpose  for  which  ruohawa  oil 
is  used. 

1  The  ventilation  of  the  underground  workings  receives  very  little  attention, 
and  in  most  collieries  none  at  all.  The  great  freedom  from  fire-damp  and  the 
lofty  seams  exploited  have  kept  this  question  in  the  background.  The 
ignorant  native  has  not  yet  recognised  that  his  health  and  longevity  are  in 
question,  and  he  has  besides  helped  much  to  prevent  ventilation  becoming  a 
-ity  by  the  wonderful  power  of  endurance  he  has  shown.  This  power 
of  endurance  enables  him  to  work  for  hours  at  the  bottom  of  a  sinking  shaft 
with  water  pouring  over  his  naked  body,  or  to  work  all  day  long  and  day 
after  day  in  driving  a  "rise"  gallery,  perhaps  hundreds  of  feet  from 
any  current,  in  an  atmosphere  which  is  foetid  and  laden  with  steam. 
This  is  a  blot  on  the  mining  of  the  district,  and  ought  to  be  speedily 
removed. 

'  At  Warora,  Central  Provinces,  where  100,000  tons  per  annum  are  wound 
by  direct-acting  engines  out  of  two  shafts  200  feet  deep,  the  system  nearly 
approaches  the  English.  No  women  work  underground,  and  work  is  constant 
from  Monday  morning  to  Saturday  night.  The  work-time  is  divided  into 
three  shifts  of  8  hours  each.  The  seams,  which  vary  from  8  to  12  feet,  are 
worked  thus  :  Galleries  or  boards  and  headways  are  driven  12  feet  wide,  6 
feet  in  height,  leaving  the  roof  coal  and  pillars  40  feet  square.  The  coal  is 
so  hard  that  it  has  to  be  nicked  and  undercut,  and  then  blasted  down.  The 
pillars  are  worked  by  splitting  each  from  one  headway  to  another,  and  then 
taking  the  far  end  off  in  slices.  The  roof  coal  comes  with  it. 

'The  colliery  consists  of  six  pits,  varying  in  depth  from  100  to  250  feet. 
All  the  pits  are  supplied  with  sidings,  and  connected  with  the  Wardha  State 
Railway  by  a  branch  line.  Only  two  sorts  of  coal  are  vended,  large  coming 
over  a  screen  with  bars  spaced  1  inch  apart,  and  small  coal  passing  through 
the  screen.  It  is  very  superficially  screened  by  women.  All  the  coal  is  got 
by  contract,  from  the  hewing  to  the  final  loading  into  trucks.  Three  or  four 
contractors  are  employed,  who  provide  all  the  labour  and  oil,  but  who  are 
provided  with  all  tools,  gunpowder,  shot  and  shot-firers. 

'  The  labourers  are  principally  drawn  from  the  Xorth-West  Pttivinces, 
and  are  not  very  plentiful.  These  men  are  allowed  a  chabootra  within  the 
boundaries  of  the  colliery  property,  for  which  they  are  charged  a  ground  rent 
of  3  or  4  annas  per  month.  They  also  have  to  pay  1  anna  a  month  per  head 
of  cattle. 

'  At  Singareni  (Hyderabad)  the  general  system  of  working  and  the  tools 
used  are  the  same  as  in  England,  slight  variations  being  allowed  to  suit  the 
people.  Part  of  the  coal  is  got  by  contract,  and  part  by  sirkary  labour. 
Underground  labour  has  been  organised  under  a  system  of  eight-hour  shifts, 
surface  coolies  and  machines  working  ten  hours  per  day.  The  rates  of  wages 
vary  from  about  5  annas  per  day  for  ordinary  labour  to  12  annas  as  earned  by 
coal-cutters  on  piece-work.  Machines  average  about  1  rupee,  while  superior 
men  earn  considerably  more. 

'  Female  labour  is  paid  from  3  annas  for  surface,  and  3i  annas  for  under- 
ground work.  Local  Teluga  labour  of  the  lower  class  is  fairly  plentiful.  The 
superior  work  is  done  by  Mohammedans  of  Hyderabad,  or  Hindustan  men 
imported. 
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'  At  the  Mohpani  collieries  a  similar  system  is  worked.  The  difficulties  met 
with  in  these  mines,  owing  to  the  faulted  and  disturbed  nature  of  strata,  are 
probably  unequalled  in  India. 

'  Labour  was  one  of  the  greatest  difficulties,  and  progress  was,  and  is,  often 
impeded  on  this  account. 

'  However,  a  great  many  miners  who  have  been  gradually  collected,  and 
trained  in  the  mines,  live  in  the  immediate  district,  and  a  certain  amount  of 
labour  can  be  imported  from  other  districts  when  the  demand  for  railway  and 
harvest  works  does  not  interfere. 

'  Coal-hewers  work  6  to  8  hours  for  a  shift  or  day's  work,  and  earn  about  6 
rupees  to  12  rupees  per  mensem. 

'  Mechanics,  enginemen,  etc.,  work  8  to  10  hours  per  day,  and  earn  wages 
from  8  rupees  to  20  rupees  per  mensem  according  to  their  craft. 

'  Coolies,  etc.,  work  8  to  10  hours  per  day,  and  earn  5  rupees  to  8  rupees  per 
mensem.'  'J 

• 

A  Mines  Act  regulating  the  conditions  of  labour  in  the  Indian 
mines  has  recently  become  law,  but  its  provisions  are  not  viewed 
altogether  with  favour  by  the  owners  and  capitalists.  One  of  its 
provisions  is  to  require  that  all  mine  managers  should  hold  certificates 
that  they  possess  certain  qualifications.  This  is  an  excellent  stipula- 
tion, which  no  one  who  has  the  interests  of  coal-mining  in  India  at 
heart  could  possibly  object  to  on  general  grounds.  It  is,  however, 
alleged  that  no  facilities  are  provided  in  India  by  means  of  a  properly 
established  mining  school  or  otherwise  to  enable  men  to  acquire  the 
necessary  qualifications,  and  the  result  is  that  a  new  burden  will  be 
imposed  on  the  industry  by  reason  of  men  having  to  be  brought  from 
abroad  to  act  as  managers  at  higher  wages  than  would  be  paid  to 
properly  qualified  local  men.  I  do  not  feel  competent  to  say  how  far 
these  objections  may  hold,  but  I  am  confident  that  great  good  would 
result  from  the  establishment  in  India  of  a  Government  School  of 
Mines  and  Metallurgy,  in  which  those  who  intend  to  engage  in  mining 
and  metallurgical  industries  could  receive  a  thoroughly  practical  and 
efficient  training  in  modern  and  scientific  methods,  not  only  in 
engineering  and  mining,  but  also  in  physics  and  chemistry  in  their 
applications  to  metallurgy. 

The  introduction  of  mechanical  coal-cutting  machinery,  which  has 
been  already  tried  in  a  few  of  the  Bengal  mines,  is  no  doubt  the  true 
remedy  for  many  of  the  difficulties  which  arise  from  the  employment 
of  native  labour  for  cutting  by  hand.  By  this  means,  too,  a  greater 
output  would  be  secured,  whilst  the  waste  arising  from  the  production 
of  slack  would  be  largely  avoided. 

Cutting  by  the  compressed  air  system  has  the  advantage  of  assisting 
in  the  ventilation  of  the  mine,  a  consideration  of  importance,  but 
electrically  driven  cutting  machinery  is  now  being  adopted  in  other 
countries,  especially  in  the  United  States,  where  the  cost  of  coal  at 
the  pit's  mouth  has  been  so  reduced  in  recent  years  that  it  is  now 
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nearly  one-half  of  that  in  England  (105.  9fc/.),  and  is  not  far  removed 
from  the  average  price  in  India. 

Ventilation  of  the  mines  is  a  subject  which  ought  to  receive  greater 
attention  in  the  future,  whether  the  native  is  indifferent  to  it  or  not ; 
and  where  fire-damp  occurs,  as  in  some  of  the  Bengal  mines,  further 
precautions  will  have  to  be  observed  with  reference  to  the  use  of  naked 
lights  and  the  lighting  of  fires.  Many  of  the  Indian  mines  fortunately 
are  nearly  free  from  fire-damp. 

Transport. — Railway  am?  Dock  Communication. 

The  question  of  further  railway  communication  with  the  various 
coalfields  has  Ijeeu  alluded  to. 

It  is  obvious  that  the  successful  extension  of  the  coal  industry  in 
India  must  depend  very  largely  upon  the  facilities  afforded  for  railway 
communication  with  the  coalfields  and  with  the  docks,  and  also  on  the 
dock  arrangements  for  unloading  and  shipping. 

In  the  case  of  a  rapidly  growing  industry,  care  and  discrimination 
are  required  in  planning  railway  and  dock  extensions,  so  that  they  will 
be  sufficient  to  meet  growing  requirements  for  many  years  in  advance, 
and  at  the  same  time  be  readily  susceptible  of  further  extension  at 
any  time  in  the  future. 

The  Bengal  fields  being  the  most  important  at  present,  have  natur- 
ally taken  the  first  place  in  the  consideration  of  these  questions. 

The  present  dock  arrangements  at  Calcutta  are,  in  the  opinion  of 
those  connected  with  the  industry,  altogether  insufficient  to  meet  the 
present  requirements,  principally  with  respect  to  railway  communica- 
tion and  provisions  for  unloading.  I  need  not  fully  discuss  these 
questions  here,  as  schemes  both  for  additional  railway  and  dock 
accommodation  and  unloading  appliances  have  been  now  sanctioned 
by  the  Government,  and  will,  it  is  hoped,  prove  to  be  satisfactory  to 
those  who  look  forward,  in  my  opinion  correctly,  to  a  considerable 
increase  in  the  output  of  the  Bengal  mines  in  the  immediate  future. 

There  is  another  matter  intimately  connected  with  the  question  of 
railway  accommodation  to  which  I  must  make  some  allusion.  I  refer 
to  the  difficulties  which  have  arisen  chiefly  in  Bengal  between  the 
railway  companies  and  the  colliery  companies. 

Grave  complaints  have  been  made,  which  have  now  reached  the 
public  press,  as  to  the  inadequate  traffic  arrangements  of  the  East 
Indian  Railway,  which  itself  works  collieries  in  the  Bengal  fields,  and 
of  the  damage  done  to  the  coal  industry  by  insufficient  wagon  supplies, 
delays  in  traffic,  and  high  rates  of  transport. 

As  this  subject  is  one  which  must  necessarily  be  of  vital  importance 
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to  the  development  of  the  coal  industry  in  Bengal,  and  belongs  to  a 
class  of  problems  in  the  solution  of  which  Government  ought  to  be 
able  to  successfully  intervene,  I  have  considered  it  desirable  to  obtain 
the  views  of  the  Bengal  colliery  companies,  as  represented  by  the 
Indian  Mining  Association  in  Calcutta  on  the  one  hand,  and  of  the 
officials  of  the  East  Indian  Railway  Company  on  the  other.  The 
following  is  an  extract  from  a  letter,  dated  December  1901,  addressed 
to  me  by  the  Committee  of  the  Indian  Mining  Association,  in  response 
to  my  request  for  information  as  to  any  difficulties  which,  in  their 
opinion,  at  present  hinder  the  natural  growth  of  the  industry : — 

"  The  committee  of  the  Indian  Mining  Association  are  of  opinion — as, 
indeed,  are  all  concerned  with  Indian  coal— that  the  transport  and  distribu- 
tion facilities  at  present  provided  are  distinctly  unsatisfactory.  The  chief 
defects  may  be  roughly  classified  under  three  heads : — (1)  a  serious  and 
constant  deficiency  of  rolling  stock  on  the  principal  coal-carrying  railway — 
the  East  Indian  ;  (2)  heavy  railway  freight  charges  ;  and  (3)  inadequate  and 
inefficient  loading  facilities  in  Calcutta — the  port  of  shipment. 

"  For  particulars  of  the  first  named  of  these  difficulties  the  committee  would 
refer  you  to  the  accompanying  copy  of  a  memorial  which  was  recently  sub- 
mitted to  H.E.  the  Viceroy  by  this  Association.  Further  information  will  be 
found  on  pages  86  to  114  of  the  last  annual  report  of  the  committee.  The 
facts  are  fully  set  forth  in  these  documents  ;  and  the  views  of  the  Association 
as  to  the  improvements  required  are  stated  in  them.  It,  therefore,  only 
remains  for  the  committee  to  add  that  in  their  opinion  it  is  the  urgent  duty  of 
the  Government  of  India  to  adopt  such  measures  as  are  calculated  properly  to 
equip  Indian  coal-carrying  railways  with  adequate  transport  facilities.  There 
can  be  no  question  that  such  measures  would  tend  more  materially  to  assist  in 
the  development  of  the  coal  resources  of  India  than  any  other  action  which 
might  be  taken  by  the  administration.  In  this  connection  it  may  also  be 
mentioned  that  the  system  of  weighing  in  force  on  the  East  Indian  Railway 
is  defective  from  the  point  of  view  of  coalowners.  The  subject  is  dealt  with 
at  p.  30  of  the  annual  report  referred  to. 

"The  second  difficulty  stated  above  raises  the  complicated  question  of 
railway  rates.  In  India,  such  rates  cannot  fall  below  or  rise  above  certain 
minima  and  maxima  rates  which  have  been  determined  by  statute.  In  the 
case  of  coal  the  maximum  rate  is  one-third  of  a  pie  per  maund  per  mile, 
and  the  minimum  one-tenth  of  a  pie  per  maund  per  mile.  Even  if  the  Indian 
coal-carrying  lines  levied  freight  on  the  basis  of  the  minimum  rate,  their 
charges  would,  the  committee  believe,  be  in  excess  of  those  ruling  in  other 
great  coal-producing  countries  such  as  America.  But  at  present  the  minimum 
rate  is  practically  never  reached  on  Indian  railways.  Freight  charges  are, 
in  consequence,  so  high  that,  in  the  opinion  of  the  committee,  they  act  as  a 
decided  hindrance  to  the  development  of  the  coalfields  of  India.  This  diffi- 
culty, therefore,  like  that  relating  to  rolling  stock,  is  one  which  the  Govern- 
ment should  in  the  general  interest  of  Indian  commerce  do  its  best  to  remove. 
Seeing  that  all  Indian  railways  are  practically  owned  by  the  State,  the 
determination  of  the  rates  to  be  charged  really  rests  with  the  Government, 
and  only  nominally  with  the  railway  administrations. 

"  The  third  point  specified  above  is  dealt  with  in  the  annual  report  already 
mentioned.  At  pp.  115  to  129  there  are  a  number  of  papers  relating  to  the 
proposed  institution  of  mechanical  coal-loading  appliances  at  the  Calcutta 
docks.  Up  to  the  present  time  all  steamers,  whether  carrying  coal  or  other 
cargo,  have  been  loaded  entirely  by  hand  labour.  Indian  unskilled  labourers 
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are  erratic  and  whimsical,  and  the  difficulty  of  providing  an  adequate  labour 
force  whenever  it  may  be  needed  is,  and  has  always  been,  of  a  serious  character. 
Xot  only,  therefore,  have  Indian  coal  shippers  had  to  contend  against  the 
inevitable  slowness  of  hand-loading,  and  the  loss  by  breakage  which  it  entails, 
but  they  have  likewise  constantly  had  to  face  the  possibility  of  a  sudden  and 
complete  disorganisation  of  the  labour  staif.  You  will  understand  from  the 
report  that  experimental  measures  having  for  their  ultimate  object  the  ter- 
mination of  this  state  of  affairs  are  now  being  put  into  operation.  But,  in 
addition  to  the  provision  of  adequate  mechanical  loading  appliances,  many 
further  improvements  in  the  terminal  facilities  at  the  port  will  be  required  if 
the  coal  trade  is  to  be  properly  encouraged  and  developed.  For  the  nature 
of  these  I  would  refer  you  to  pp.  154  to  181  of  the  report  above  mentioned, 
where  you  will  find  a  reprint  of  the  evidence  given  in  December  last  by  a 
representative  of  this  Association  before  a  commission  of  inquiry  into  the 
affairs  of  the  Calcutta  Port  Trust. " 

Having  regard  to  the  statements  made  in  this  letter  as  to  the  East 
Indian  Railway  Company,  I  have  asked  the  Chairman  of  that  Com- 
pany, General  Sir  Richard  Strachey,  to  make  any  observations  with 
reference  to  the  statements  which  might  seem  to  him  desirable.  He 
has  been  good  enough  to  send  me  the  following  important  letter,  dated 
Uth  January,  1902  :— 

"  Your  letter  of  the  9th  iust.  invites  me  to  offer  my  criticisms  on  a  letter  of 
the  Indian  Mining  Association,  of  which  you  send  me  a  copy.  This  letter, 
written  in  reply  to  enquiries  made  by  you  as  to  the  efficiency  of  the  facilities 
now  provided  for  the  transport  and  distribution  of  coal  in  India,  supplies,  in 
some  detail,  a  statement  of  the  reasons  of  the  Association  for  considering 
these  facilities  to  be  distinctly  unsatisfactory.  This  opinion  manifestly  only 
applies  to  the  collieries  in  Bengal,  of  which  alone  this  Association  is  in  a 
position  to  speak  with  any  authority,  though  no  doubt  they  are  by  far  the 
most  important.  The  defects  that,  in  the  opinion  of  the  Association,  now 
exist  are  classed  under  three  heads  : — 

"(1)  A  serious  and  constant  deficiency  of  rolling  stock  on  the  principal 
coal-carrying  railway — the  East  Indian.  (2)  Heavy  railway  freight  charges. 
(3)  Inadequate  and  inefficient  loading  facilities  in  Calcutta — the  port  of 
shipment. 

"As  to  the  first  cause  of  complaint,  it  has  no  doubt  to  some  extent  been 
justified.  But  the  deficiency  of  rolling  stock,  so  far  as  it  has  from  time  to 
time  really  existed,  has  been  due  to  the  material  difficulties  of  the  railway 
in  obtaining  the  wagons  that  were  required  ;  difficulties  arising  partly  from 
the  delay  that  unavoidably  takes  place  in  the  construction  of  the  wagons,  the 
materials  for  which  have  to  be  obtained  in  England,  but  largely  from  the 
delay  of  the  Government  in  giving  their  sanction  to  the  expenditure  that 
would  be  involved,  and  providing  the  necessary  funds  for  meeting  the  ex- 
penditure, in  both  of  which  respects  the  East  Indian  Railway  Company  is 
wholly  dependent  on  the  action  of  the  Government. 

"In  illustration  of  this,  I  may  state  that  the  Directors  of  this  Company, 
having  been  informed  in  May  last  by  the  head  of  the  chief  coal-exporting  firm 
in  Calcutta  that  they  were  suffering  from  the  want  of  an  adequate  supply  of 
wagons,  immediately  instructed  the  Company's  agent  in  Calcutta  to  apply  for 
the  provision  of  1000  more  wagons.  To  this  application  no  reply  whatever 
lias  even  yet  been  given,  after  an  interval  of  eight  months,  though  the  Board 
have  reported  the  circumstances  to  the  Secretary  of  State.  Much  the  same 
state  of  things  has  existed  for  the  last  three  or  four  years. 

"  The  pressure  that  has  been  put  on  the  carrying  powers  of  the  East  Indian 
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Railway  by  the  rapid  expansion  of  the  coal  traffic  will  be  better  appreciated 
from  the  following  figures,  showing  the  whole  weight  of  coal  dealt  with  year 
by  year  since  1895  : — 

Tons. 

1895 2,926,330 

1896 3,279,379 

1897 3,751,591 

1898 4,210,956 

1899 4,411,851 

1900 5,182,801 

1901    (first  half  of) 2,874,697 

"  This  shows  that  at  present  the  traffic  in  the  half-year  is  hardly  less  than 
that  of  the  whole  year  six  years  ago. 

"  During  this  interval  the  wagon  stock,  exclusive  of  brake-vans  and  other 
vehicles  for  special  purposes,  has  been  increased  from  9468  to  14,759,  with  a 
corresponding  addition  to  the  locomotive  stock.  This,  moreover,  has  been 
accompanied  by  a  steady  increase  in  the  power  of  the  engines  and  the  capacity 
of  the  wagons,  which  have  thus  become  more  effective  by  something  like  50 
per  cent. 

"  With  a  business,  like  the  goods  traffic  of  a  railway,  that  is  of  a  fluctuating 
character,  and  in  which  there  will  be  times  of  great  pressure  and  correspond- 
ing slackness,  it  would  evidently  not  be  possible  to  meet  sudden  exceptional 
demands  without  having  a  wagon  stock  greatly  in  excess  of  the  ordinary 
requirements  of  the  traffic,  and  there  will,  therefore,  be  unavoidable  difficulty 
in  adjusting  the  supply  so  as  to  meet  all  demands  without  incurring  a  wasteful 
outlay.  No  doubt  a  proper  margin  in  excess  of  the  average  should  be  main- 
tained, but  with  a  rapidly  expanding  traffic,  such  as.  that  indicated  by  the 
figures  given,  this  is  not  easily  determined,  more  particularly  under  the 
conditions  above  referred  to,  to  which  the  management  of  the  railway  is 
subject.  I  do  not  believe  that  there  is  any  railway  in  the  world  on  which, 
from  causes  such  as  this,  its  customers  do  not,  at  some  time  or  other,  make 
complaints  of  the  unsatisfactory  manner  in  which  their  requirements  are  met. 

"  As  to  the  system  of  weighing,  I  am  aware  that  questions  have  arisen,  and 
differences  of  opinion  are  held,  but  this  is  a  matter  that  obviously  must  be  left 
to  be  settled  locally. 

"  I  am,  of  course,  not  surprised  at  the  opinion  expressed  as  to  the  coal  rates 
being  excessive.  But  I  have  not  any  doubt  that  they  are  in  fact  extremely 
low,  the  average  charge  per  ton-mile  being  rather  less  than  one-tenth  of  a 
penny,  which  is  about  one-third  of  the  ordinary  English  rate  according  to 
the  Statist.  I  am  far  from  saying  that  it  might  not  be  possible  to  make  some 
further  concession  to  the  colliery  owners,  by  equalising  the  rates  so  as  to  make 
them  somewhat  less  sharply  dependent  on  the  mileage,  the  necessary  charges 
for  transport  in  the  case  of  a  traffic  of  this  sort  not  being  so  immediately 
determined  by  the  distance  carried,  as  in  some  others.  But  this  is  a  point  on 
which  I  am  not  at  present  prepared  to  say  more  than  that  it  has  been  under 
the  consideration  of  the  Board  for  some  time  past. 

"  It  is  quite  erroneous  to  say  that  the  coal  rates  are  fixed  by  statute.  The 
rates  per  maund  per  mile  on  the  East  Indian  Railway  are  between  one-tenth 
and  l£  tenths  of  a  pie,  the  maximum,  therefore,  being  less  than  that  stated 
by  the  Association.  The  average  rate  on  the  East  Indian  Railway  for  the  last 
half-year  was  '13  of  a  pie  per  maund  per  mile,  which  is  equal  to  3'52  pies  per 
ton-mile,  there  being  27  maunds  to  the  ton,  and  1  pie  being  the  twelfth  part 
of  an  anna,  which  again,  at  the  present  rate  of  exchange,  is  just  equivalent 
to  one  penny. 

"  From  a  report  drawn  up  in  July  last  by  an  officer  of  the  railway  branch 
of  the  Indian  Public  Works  Department,  who  visited  the  United  States  with 
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the  special  object  of  enquiring  into  American  methods  of  railway  manage- 
ment, it  appears  that  there  are  few  instances  of  rates  lower  than  those  on  the 
East  Indian  Railway  to  be  found  in  a  long  list  of  American  lines,  but  the 
average  appears  to  be  slightly  in  favour  of  the  East  Indian  Kailway.  With- 
out a  more  complete  knowledge  of  the  circumstances  of  the  separate  lines  it 
is  not  easy,  however,  to  arrive  at  any  very  conclusive  judgment  on  this  point, 
involving  as  it  does  adjustments  on  account  of  differences  in  the  system  of 
weights  and  currencies  of  the  two  countries. 

"How  the  Association,  in  the  face  of  the  great  expansion  of  the  trade 
during  the  last  few  years,  shown  by  the  figures  that  have  been  already  given, 
can  venture  to  say  that  these  rates  act  as  a  decided  hindrance  to  the  develop- 
ment of  the  coalfields  of  India,  is  truly  astonishing,  and  the  more  so,  con- 
sidering that  the  market  value  of  the  shares  of  the  colliery  companies  is  what 
was  pointed  out  by  me  at  the  last  half-yearly  meeting  of  this  Company.  I 
now  repeat  the  figures  I  then  gave — 

Paid  up.  Quotation. 

Rs.  Rs. 

Adjai 100  ..     250-255 

Bengal 1000  .         .     31/.0 

Bengal-Xagpur       ....  10  ..          30| 

Borrea 100  .         .        155 

Barakar 100  .         .        12.3 

Equitable 100  .         .262 

Katras  Jheria          ....  10  ..          40i 

Xew  Beerbhoom     .         .         .  100  .         .        179" 

Reliance 100  .         .190 

"  The  observations  of  the  Association  to  the  effect  that  whatever  difficulty 
there  may  be  in  the  matter  of  the  coal  rates,  or  the  supply  of  rolling  stock, 
really  rests  with  the  Government,  and  only  nominally  with  the  railway 
administration,  are  perfectly  true,  and  it  is  net  the  latter  that  stands  in  the 
way  of  the  removal  of  such  difficulties,  so  far  as  they  exist. 

'•The  next  point  referred  to  in  the  Association's  letter  is  the  dealing  with 
the  shipment  of  coal  for  export  at  Calcutta.  With  this  the  railway  company 
has  not  been  permitted  to  concern  itself,  but  there  can  I  think  be  little  doubt 
that  it  is  at  present,  as  described  by  the  Association,  inadequate  and  inefficient. 

"The  development  of  the  coal  industry  of  Bengal  has  been  held  to  be  an 
object  of  primary  importance  by  the  Board  of  the  East  Indian  Railway 
Company,  and,  as  I  have  had  occasion  to  say  elsewhere,  it  is  largely  to  the 
efforts  of  this  Company  that  the  coal  trade  is  in  its  present  flourishing 
condition." 

I  am  glad  to  learn  that  all  these  questions  are  engaging  the  serious 
attention  of  the  Government  of  India,  and  that  there  is  reason  to 
hope  that  more  than  one  of  the  difficulties  referred  to  may  be  removed. 

Utilisation  of  Waste  Coal. — Manufacture  of  Pow?r  Gas. 

The  disintegration  of  coal  to  which  several  Indian  varieties  are 
peculiarly  liable  involves  a  serious  waste,  and  presents  a  problem 
which  so  far  has  not  been  solved.  Some  of  this  friable  coal  and  slack 
has  been  utilised  in  the  manufacture  of  briquettes  and  patent  fuel,  a 
plan  which  might  be  more  widely  followed.  Another  much  more 
important  purpose  to  which  small  coal  could  probably  be  put  in  the 
future  is  in  manufacturing  the  particular  form  of  "  producer  or  water 
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gas,"  known  as  Mond  gas,  for  the  manufacture  of  which  a  company 
with  large  capital  has  recently  obtained  Parliamentary  powers  to 
supply  certain  districts  in  the  midland  counties  of  England  with  the 
gas  for  heating  purposes  and  as  a  source  of  power.  It  is  stated  that  the 
gas  is  to  he  sold  at  about  2d.  per  1000  feet.  It  is  obvious  that  the 
supply  of  cheap  gas  to  the  large  towns  of  India  would  considerably 
promote  industrial  enterprise  in  India,  whilst  at  the  same  time  an 
important  use  would  be  found  for  small  coal,  waste,  dust,  and  the 
inferior  varieties  of  Indian  coal  which  are  at  present  unutilised. 

The  bituminous  character  of  much  of  the  Indian  coal  would  seem 
to  render  it  particularly  suitable  for  the  production  of  heating  gas. 
Experiments  recently  made  with  Raniganj  coal  have  proved  that  this 
is  the  case.  Essentially  the  process  consists  in  acting  on  the  heated 
"  slack  "  with  a  superheated  mixture  of  air  and  steam,  whereby  a  gas 
is  produced  containing  hydrogen  (about  25-30  per  cent.)  and  carbon 
monoxide  (about  10-15  per  cent.)  and  a  smaller  proportion  of  marsh 
gas,  together  with  nitrogen  and  carbon  dioxide.  Sulphate  of  ammonia 
may  be  recovered  as  a  by-product.  A  ton  of  ordinary  slack  furnishes 
about  140,000  cubic  feet  of  gas,  and  yields  on  the  large  scale  90  Ib. 
of  sulphate  of  ammonia.  The  calorific  value  of  the  gas  is  stated  to 
be  about  84  per  cent,  of  that  of  the  slack  used.  The  gas  may  be  used 
successfully  for  nearly  all  industrial  heating  purposes,  for  the  manu- 
facture of  bricks,  earthenware,  glass  and  pottery,  in  the  production  of 
steel  by  the  open  hearth  process,  and  in  forging,  welding,  and  anneal- 
ing iron  and  steel.  It  would  also  be  well  adapted  for  general  steam- 
raising  purposes  in  India  and  for  use  in  gas  engines. 

Concluding  Remarks. 

In  the  present  paper  I  have  sought  to  draw  attention  in  this 
country  to  the  wealth  which  India  possesses  in  her  coalfields,  to  the 
present  position  of  Indian  coal  mining,  and  to  the  quality  of  the  coal 
mined  in  the  different  provinces,  as  well  as  to  the  conditions  under 
which  mining  is  carried  on,  and  to  the  importance  of  Government 
giving  careful  and  sympathetic  consideration  to  the  development  of  an 
industry,  hardly  out  of  its  infancy,  upon  which  the  future  industrial 
prosperity  of  India  so  largely  rests. 

I  have  drawn  attention  to  the  importance  of  railway  communication 
being  opened  up  with  the  undeveloped  coalfields  of  Western  Bengal, 
the  Central  Provinces,  and  Central  India,  and  to  the  great  advantage 
it  would  be  to  Madras  and  Southern  India,  where  coal  is  scarce  or 
non-existent,  if  communications  were  provided  between  this  region 
and  the  coalfields  of  "Western  Bengal  and  the  Central  Provinces.  A 
glance  at  the  accompanying  map  will  show  how  large  an  area,  especially 
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that  lying  between  Central  India  and  Bengal,  is  at  present  without 
railway  communication  with  the  nearest  supplies  of  coal. 

I  have  alluded  to  the  desirability  of  further  information  being 
obtained  by  Government  with  reference  to  the  amount  and  quality  of 
coal  in  several  regions,  especially  in  AVestern  India  and  in  Assam, 
with  the  view  of  opening  up  railway  communication  with  those  fields 
in  which  good  and  workable  coal  is  proved  to  exist. 

I  have  also  pointed  out  the  importance  of  greater  care  being  taken 
by  the  collieries  to  secure  uniformity  in  the  quality  of  Indian  coal. 
With  reference  to  this,  as  well  as  to  other  difficulties,  the  question 
suggests  itself  as  to  whether  an  amalgamation  of  the  numerous  small 
coal  companies  (which  number  more  than  200  in  Bengal  alone)  would 
not  be  desirable,  and  be  for  the  benefit  of  the  coal  industry  as  a 
whole. 

The  employment  of  native  labour  is  certain  to  raise  a  number  of 
important  and  delicate  economic  questions,  which  will  require  the 
greatest  care  in  handling.  The  future  success  of  coal  mining  in  India 
depends  chiefly  on  native  labour  being  organised  with  foresight  and 
consideration,  due  regard  being  had  to  the  general  welfare  of  the  class 
upon  whose  employment,  for  the  present  at  any  rate,  the  vital  feature 
of  cheap  production  depends. 

Next  in  importance  are  the  questions  I  have  already  touched  upon, 
of  railway  rates,  transport  facilities,  and  adequate  dock  accommoda- 
tion, all  of  which  are  now  receiving  consideration  from  Government. 

I  have  taken  the  view  that  over  and  above  the  increasing  demand 
for  Indian  coal  for  steamship  and  locomotive  purposes,  including  its 
growing  export  trade  in  this  connection,  and  apart  from  its  increased 
use  for  domestic  purposes,  there  must  be  in  the  near  future  a  con- 
siderable call  on  the  coal  resources  of  India  through  the  industrial 
utilisation  of  the  great  mineral  wealth  of  the  country,  which  only 
awaits  an  ample  supply  of  good  and  cheap  fuel.  As  I  have  already 
pointed  out,  by  the  establishment  in  India  of  a  comprehensive  Govern- 
ment School  of  Mines  and  Metallurgy,  perhaps  as  an  extension  of 
the  present  school  at  Sibpur,  a  considerable  impetus  would  be  given 
to  the  development  of  the  mineral  resources  of  India.  I  trust  that 
the  Government  of  India  may  give  careful  consideration  to  this 
suggestion. 

I  am  glad  to  learn  that  an  English  syndicate  is  now  taking  steps  to 
establish  iron  smelting  and  steel  manufacture  on  modern  methods  in 
Bengal,  and  I  do  not  doubt  that  their  example  will  be  followed  in 
other  places  as  a  better  knowledge  is  gained  of  the  quality  of  the  coal 
and  iron  ore  of  other  districts.  Various  metallurgical  operations, 
including  that  of  copper,  brickmaking,  earthenware,  pottery  and  glass 
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manufacture,  all  seem  to  be  likely  developments  in  the  industrial 
arts  of  India  as  soon  as  an  abundant  supply  of  cheap  coal  has  been 
rendered  accessible  to  the  whole  country.  At  the  same  time  textile 
industries  cannot  fail  to  undergo  considerable  extension  and  take  new 
directions. 

I  trust  that  the  importance  of  the  coal  resources  to  our  Indian 
Empire  will  justify  the  extent  to  which  I  have  trespassed  on  your 
time  in  giving  a  general  sketch  of  the  present  and  future  of  the 
Indian  coal  industry  in  its  principal  bearings.  Although  the  utilisa- 
tion of  water  power  in  certain  districts  of  India  for  the  supply  of 
electricity  is  likely  to  be  accomplished  in  the  near  future,  for  many 
years  to  come  coal  will  remain  the  principal  source  of  energy. 

In  conclusion  I  must  tender  my  thanks  to  those  to  whom  I  am 
indebted  for  much  valuable  information  and  assistance ;  to  past  and 
present  officers  of  the  Geological  Survey  of  India ;  to  the  Steamship 
and  Railway  Companies ;  to  the  Indian  Colliery  Companies  ;  to  the 
Indian  Mining  Association ;  to  Sir  Richard  Strachey  and  the  East 
Indian  Railway  Company;  to  Col.  Gardiner,  R.E.,  Chairman  of  the 
Madras  Railway  Company;  to  Sir  Edward  Noel  Walker,  K.C.M.G., 
lately  Colonial  Secretary  of  Ceylon,  who  has  procured  for  me  much 
useful  information  respecting  the  employment  of  Indian  coal  in  that 
colony;  and  to  my  assistant,  Mr.  G.  S.  Blake,  A.R.S.M.,  particularly 
for  the  assistance  he  has  given  me  in  preparing  the  illustrations  for 
this  lecture. 


TABLE  I. — Quantity  in  Tons  of  Coal  Produced  in  each  Province. 


1800. 


1808. 


3899. 


1000. 


Burma. 

17,289 

22,993 

11,472         6,975         8,105        10,228 

Assam  .... 

172,717 

177,259 

185,533     200,329     225,623      216.736 

Bengal. 

2,716,155  3,037,920 

3,142,497  3,622,090  4,035,265 

4,978,492 

North-West   Provinces 

1 

and  Oudh 



1,000 





.  . 

— 

Rajputana    . 

— 

— 

511 

4,249 

9,250 

Central  India 

118,479 

115,386 

124,778      134,726 

164,569      164,489 

Punjab 

72,493 

79,017 

92,792       85,862 

81,835        74,083 

Baluchistan  . 

25,458 

26,257 

12,043 

13,372 

15,822!       23,281 

Central  Provinces 

122,776 

141,185 

131,629 

149,709 

156,576!     172,842 

Hyderabad  —  •  Nizam's 

Territory  . 

292,915 

262,681 

365,550 

394,622     401,216      469,291 

Madras 

1,737 

— 

— 



— 

Total 

3,540,019  3 

863,698  4,066,294 

4,608,1965,093,260 

6,118,692 
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TABLE  IT. — Output  for  1900  of  Coed  from  British  and  Colonial 

Coalfields. 

Tons. 

United  Kingdom -2-2.3.181,300 

India 6,118,692 

Xe\v  South  Wales .1,. 307. 497 

Canada 5;332.1'C 

Xe\v  Zealand 1,093,990 

Queensland 497-132 

Victoria 211,596 

West  Australia 118,410 

Tasmania 50,632 

TABLE  III. — Foreign  Coal  Trade  of  India. 

Impoits. 

Coal,  Coke,  and  Exports. 

Patent  Fuel.  Coal  and  Coke. 
Tons.  Tons. 

1895-1896  ....  761,996  ....  80,923 

1896-1897  .  494,960  ....  136,719 

1897-1898  .         .         .         .  2>  ,1.739  .         .         .         .  212,855 

1898-1899  ....  358,880  ....  327, 104 

1899-1900  ....  422,376  ....  304,586 

1900-1901  ....  127,318  ....  541,445 


TABLE  IV. — Indian  Raihcays. 


1890 
1897 
1898 
1899 
1900 


Foreign  Coal 

consumed  by  railways. 

Tons. 

108,442 
49,779 
39,004 
vj.446 
54,339 


Indian  Coal 

consumed  by  railways. 

Tons. 

1,182,051 
1,332,043 
1,422,103 
1,557,000 
1,855,610 
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TABLE  VI. — Results  of  Ultimate  Analyses  of  Selected  Indian  Coal*. 


Indian 

N'itrogen, 

Invoice            Province  and  Mine. 

Carbon. 

Hydrogen.    Ash.    Moisture.   Sulphur.     Oxvgen, 

Nnmber. 

i 

etc. 

ASSAM  :— 

Makuin    . 

77-31 

5-43            1"27          3-07 

1-02            11-00 

96 

Cherrapunji     . 

.  7  '  ,  ~> 

5  -S3 

4-74           1-45 

3-9S 

6-25 

97 

Maoflong 

»H8 

5-17            3-23          3-15 

3-08             10'3-J 

BALUCHISTAN  :  — 

99 

Khost 

71-38 

4-V7             '>•',-          3-85 

4  -82               9-41 

94 



5  -55 

10-64 

•2-46 

0-74 

10-03 

BENGAL  :  — 

99 

Kumardubhi  . 

70-48 

4-70 

13-85 

1-86 

0-53 

8-63 

Karharbari 

639     •          Lower  Seam 

80-70 

4-32 

7-37 

1-23 

0-42 

5-91 

1141                Upper  Seam 

83-53 

- 

5-35 

1-28 

0-40 

nDB 

4-^7 

9-03 

3-54                 ft~70 

D"  1 

1609           Liakdee  . 

74-33 

4-t'.0 

9-29 

2-23 

0-53 

8- 

BURMA  :  — 

3531 

I.etkokbin 

60-25 

; 

4-iH 

9-28 

11-55 

0-33      i       13-93 

CENTRAL  PROVINCES:  — 

1601              Mr.hp:U:i. 

4-37            y-73          7-07            0-43             10'75 
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TABLE  VIII. — Typical  British  Coals. 


gri 

T   3 

a 

h 

0      . 

•ill 

•-•£ 

1 

™ 

n 

| 

,2  "3 

References. 

*  s 

""i 

5 

3 

3> 

8 

/3 

Glamorganshire  . 

Monmouthshire  . 
Staffordshire 
Lancashire  . 

10-4 
17-5 
345 
326 

86-4 
76-4 
62-7 

59-9 

3-2 
6-1 

2-8 
7'5 

— 

0-62 
0-74 
1-33 
U-62 

8444 

8327 
7978 
7552 

1    Mr.  Reddrop, 
L.  &  N.\V. 
J       Ry.  Co. 

Scotch  (main) 

35-84 

53-79 

1-28    9-09      — 

7590 

f   W.  C.  Ander- 

son. 

TABLE  IX. — Analyses  of  Indian  Coal  and  Coke. 


Volntilo  I 
Matter.  I 

li       £ 
*l       ~* 

.Moisture.  I 

Sulphur.  1 

Character 
of  Coke. 

References. 

(liridih  — 

^ 

Unwashed  coal 

26-0 

6i>-<>      13-0 

— 

0-4 



Washed  coal 

30-2 

Gl  C24      9-56 





Coke  (from  do.) 

— 

86-97    12-0 

0-40 

0-63 

Hard  and 

Sanatoria  — 

dense. 

Unwashed  coal 

38-00 

4957    12-00 



0-43 



Washed  coal 

.  — 

11-5 

— 



— 

Coke  (from  do.  ) 

— 

81-57    17-25 

0-70 

0-48 

Light  and       R.  H.  Mahon. 

Kenwadih  — 

porous. 

Unwashed  coal 

23-5 

63-5      12-5 

— 

0-50 

— 

Washed  coal    . 

— 

945 

— 



— 

Coke  (from  do.  ) 

— 

82-65    16-10 

0-40 

0-85 

Hard  and 

Kustore  — 

dense. 

Unwashed  coal 

24-05 

60-1      15-10 

— 

0-75 

— 

Coke          (from 

washed  coal)   . 

— 

82-15    16-70   0-33 

0-82 

Hard  and 

dense. 

Discussion. 

Mr.  F.  R.  UPCOTT,  C.S.I.  (Government  Director  of  Indian  Eailway 
Companies),  thought  a  glance  at  the  diagrams  exhibited  by  Professor  Dunstan 
would  indicate  that  the  peculiarity  of  the  coalfields  in  India  was  their  distance 
from  great  cities  and  towns  where  manufactures  were  carried  on.  In  that 
connection,  the  question  of  the  transport  and  handling  of  coal  was  really  the 
keynote  of  the  proper  utilization  of  coal  in  India.  He  thought  he  could,  in  a 
more  homely  manner,  illustrate  the  respective  values  of  Indian  coal,  by  the 
following  illustration.  A  coal-scuttle  full  of  Giridih  coal  would  boil  a  certain 
amount  of  water ;  while  eight-tenths  of  a  scuttle  full  of  Welsh  coal,  one-half 
of  a  scuttle  of  patent  fuel,  a  scuttle  and  a  half  full  of  Barakar  coal,  two  scuttles 
of  lignite  coal,  and  twTo  and  a  half  scuttles  of  wood,  would  respectively  produce 
the  same  result.  At  the  present  time,  Bengal  coal  was  mostly  used  in  India. 
Coal  of  a  very  inferior  quality  sometimes  was  used  on  the  railways ;  in  fact, 
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when  he  was  in  the  North  of  India,  a  few  months  ago,  a  X"ith- Western  driver, 
who  had  been  fined  on  account  of  his  train  being  late,  appealed  to  him  in  the 
following  pathetic  manner  :  "  How  can  I  run  my  train  to  proper  time,  if  I  am 
given  coal  that  smells  like  a  drain  and  burns  like  a  flint  ? "  The  consumption 
of  coal  might  be  classed  under  several  heads.  First,  there  were  the  flour, 
cotton,  glass,  and  jute  mills,  which  required  coal  to  work  their  machinery. 
Secondly,  there  was  the  production  of  pnwer  in  railways  and  steamers. 
Thirdly,  the  manufacture  of  iron  and  steel,  glass,  lime  and  bricks.  Fourthly, 
export  :  and  he  supposed  that  Calcutta  would  always  remain  the  place  from 
which  coal  was  shipped  on  account  of  that  port  being  nearest  to  the  big  mines. 
Lastly,  there  was  the  possible  domestic  use  of  coal.  Those  who  had  lived  in 
India  knew  that  the  natives  would  not  cook  their  food  with  coal,  but  used 
wood  and  charcoal.  Lord  Curzon,  in  addressing  the  tea  planters,  said  : — 
"  Why  do  not  you  teach  some  of  the  300,000,000  natives  of  India  to  drink  tea  ; 
and  thereby  obtain  a  new  market  for  your  produce  1 "  He  (Mr.  Upcott)  did 
not  see  why  the  many  millions  in  India  should  not  be  taught  to  use  coal  for 
cooking  purposes.  If  that  were  done,  an  enormous  development  would  take 
place  in  the  coal  consumption,  but  to  carry  out  snch  a  plan,  the  coal  must  be 
brought  within  the  natives'  reach.  Professor  Dunstan  had  spoken  of  the 
necessity  for  cheaper  and  better  means  for  transport.  The  present  rate  for 
transport  was  one  farthing,  or  less,  per  ton  per  mile.  Speaking  as  a  private 
individual,  he  thought  that  the  railways  should  be  allowed  a  free  hand  to 
reduce  the  rates  below  that  figure  if  they  chose  to  do  so.  Similarly,  in  regard 
to  the  size  and  type  of  rolling  stock  for  coal  transport,  the  railway  companies 
ought  to  be,  as  they  probably  were,  the  judges  of  what  was  best  for  their  own 
requirements.  It  must  be  remembered,  however,  that  the  position  of  the 
collieries  in  India  was  entirely  different  from  that  of  the  collieries  in  England. 
In  this  country  the  mines  were  a  very  short  distance  from  the  seaboard,  and 
speaking  generally,  the  loaded  trucks  were  run  from  the  mines  down  an  incline 
to  the  ships.  The  trucks,  which  had  a  capacity  of  eight  or  ten  tons,  were  put 
straight  into  a  lift,  by  means  of  which  the  coal  was  tipped  into  the  steamer's 
hold  straight  away,  there  being  plenty  of  vessels  ready  to  be  loaded,  and  no 
scarcity  of  wagons.  In  India  there  were  some  railways  which  had  direct 
connection  with  the  seaboard,  and  could  carry  coal  veiy  much  cheaper  than 
other  lines  as  long  as  import  traffic  was  also  possible.  With  reference  to  what 
was  sometimes  said  as  to  the  inability  of  the  Government  to  provide  trucks,  he 
happened  to  be  at  one  of  the  Indian  coal  pits  when  he  saw  a  very  large  amount 
of  coal  on  the  bank  waiting  to  be  carried  away,  and  a  gentleman  who  was  with 
him  remarked:  "Here  is  an  instance  of  insufficient  trucks."  He  (Mr. 
Upcott)  thereupon  asked  the  manager  of  the  mine  why  he  did  not  get  trucks 
for  the  coal.  The  reply  was  :  "  If  I  wanted  trucks  I  could  get  them 
to-morrow."  It  appeared  that  the  reason  why  the  coal  had  not  been  trans- 
ported was  that  it  had  been  bought  for  shipment  on  board  steamers  as  bunker 
coaL  The  steamers  had  not  arrived  at  Calcutta,  and  it  was  cheaper  to  leave 
the  coal  at  the  pit's  mouth  than  to  have  it  sent  to  the  Calcutta  docks  and  lifted 
again.  With  regard  to  the  question  of  the  manufacture  of  iron  and  steel, 
which  would  no  doubt  very  shortly  attain  very  large  proportions,  the  earlier 
efforts  did  not  succeed  because  those  interested  in  the  matter  tried  to  bring  the 
coal  to  the  ore.  He  had  recently  had  an  opportunity  of  going  over  the  Dowlais 
Works,  which  were  situated  quite  close  to  the  collieries,  and  he  there  saw  ore 
coming  into  the  works  from  Spain.  If  the  iron  and  steel  industry  of  India 
was  to  be  developed,  it  was  essential  that  the  ore  should  be  taken  to  the  districts 
where  coking  coal  was  most  abundant.  Although  he  might  perhaps  be  called 
a  pessimist,  he  thought  a  great  deal  ought  to  be  done  in  the  direction  of  carry- 
ing coal  at  very  much  cheaper  rates.  With  electrical  enterprise  springing  up 
all  around  them,  he  thought  it  behoved  the  railway  companies  to  do  all  they 
could  to  foster  the  distribution  and  the  consumption  of  coal  by  lowering  the 
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rates  as  much  as  possible,  and  by  using  every  possible  appliance  to  minimize 
labour. 

Mr.  BENNETT  H.  BROUGH  thought  that  the  facts  brought  forward  by  the 
reader  in  his  interesting  paper,  clearly  showed  that  in  the  matter  of  fuel, 
India  would  soon  be  independent  of  English  supplies,  and  in  view  of  the 
occurrence  of  coking  coal  to  which  he  had  drawn  attention,  this  might 
eventually  be  the  case  in  the  matter  of  iron.  This  was  a  somewhat  depressing 
outlook  for  the  British  iron  and  coal  masters.  As  to  the  future  of  the  Indian 
export  trade,  Professor  Dunstan  took,  he  thought,  too  optimistic  a  view.  The 
exports,  which  did  not  exceed  9  per  cent,  of  the  output,  were  insignificant,  and 
were  hardly  likely  to  increase,  owing  to  Japanese  and  Australian  competition. 
The  Japanese  and  Australian  coal  more  closely  resembled  true  coal- 
measure  coal  than  did  the  Indian  coal  of  recent  geological  age.  The  Australian 
competition  was  especially  noteworthy.  Australian  coal  was  even  sent  to 
Europe,  and  recent  statistics  showed  that  Germany  last  year  received  nearly 
twice  as  much  coal  from  Australia  as  from  the  United  States,  notwithstanding 
the  sensational  newspaper  notices  of  American  competition  in  the  German  coal 
trade.  He  also  disagreed  with  Professor  Dunstan  as  to  the  suitability  of 
mechanical  coal  cutters  for  use  in  India.  These  machines  answered  admirably 
in  the  United  States,  where  labour  costs  were  excessive.  In  India,  however, 
where  one-third  of  the  coal-miners  were  women,  the  cost  of  labour  was 
insignificant,  and  might  almost  be  neglected.  The  coal  cost  4|  times 
more  to  the  consumer  than  it  did  at  the  mine,  the  difference  being  due  to  the 
cost  of  transport,  storing,  and  the  excessive  profit  of  the  middleman.  It  was 
in  this  direction  that  economy  was  desirable.  A  point  that  Professor  Dunstan 
had  not  emphasized  was  the  liability  of  certain  Indian  coals  to  spontaneous 
combustion.  At  Warora,  for  example,  according  to  Mr.  R.  W.  Clarke,  in  a 
recent  paper  read  before  the  Institute  of  Mining  Engineers,  70  per  cent,  of 
the  coalfield  had  been  lost  by  fire,  and  walled  off.  Should  similar  conditions 
obtain  elsewhere,  the  cost  of  mining  would  be  increased.  On  the  whole,  he 
thought  it  unlikely  that  Indian  supplies  would  ever  be  drawn  upon  by  other 
nations  whose  coal  deposits  were  in  process  of  depletion. 

Mr.  T.  H.  HOLLAND  (Indian  Geological  Survey)  disagreed  with  Mr. 
Brough's  suggestion  that  the  tendency  to  spontaneous  combustion  was  more 
pronounced  in  India  than  elsewhere,  and  referred  to  the  accidental  causes 
of  the  few  cases  known.  He  denied  also  the  probability  of  Australian 
competition  being  able  at  any  future  time  to  displace  the  Indian  exports  to 
the  coast  ports  of  the  Indian  Ocean.  On  the  contrary,  the  increased  stricture 
on  coloured  labour  in  Australia  tends  to  insure  the  stability  of  the  Indian  coal 
industry,  whilst  further  labour  troubles  in  Europe  will,  except  for  special  and 
restricted  requirements,  practically  wipe  out  the  small  and  gradually  diminish- 
ing imports  of  European  coals  into  India.  The  rise  in  the  Indian  coal  industry 
followed  most  definitely  the  great  colliers'  strike  of  1893,  and  any  assistance 
given  by  Government  agencies  has  been  of  microscopic  value  compared  to  the 
friendly  offices  of  the  labour  leaders  and  trades'  unions  at  home.  Prosperity 
in  Indian  coal  has  come  to  stay  ;  of  that  fact,  the  Government  may  assure 
themselves  when  considering  the  claims  for  further  expenditure  in  railway 
facilities  from  the  coalfields  to  the  ports.  He  pointed  out  that  the  weak 
feature  of  Professor  Dunstan's  analyses  arose  from  the  past  and  present  system 
of  sampling  the  coal  seams.  With  a  non-expert  agency  for  collecting  specimens, 
the  chances  are  about  even  for  and  against  the  analyses  being  representative, 
whilst  assistance  by  interested  experts  must  always  be  viewed  with  suspicion 
by  those  who  know  the  natural  weaknesses  of  human  nature.  The  laminated 
character  of  the  Gondwana  coals  accentuated  the  value  of  uniform  sampling, 
and  researches  in  future  could  be  made  of  real  value  only  by  utilizing  an 
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unprejudiced  expert  organization  such  as  \ve  have  in  the  Geological  Survey  of 
India,  which,  working  in  direct  correspondence  with  an  institution  like  the 
Imperial  Institute,  would  yield  results  infinitely  more  valuable  than  the  sum 
of  the  researches  of  the  two  institutions  working  independently.  Analyses 
are  of  no  value  unless  correlated  with  data  as  to  the  physical  characters,  pro- 
portion, quantity,  and  situation  of  the  coal  seams  sampled.  He  pointed  out 
that  the  reference  to  the  anthracitic  character  of  the  Darjeeling  coal  would  be, 
unless  qualified,  misleading.  This  coal  possessed  a  higher  percentage  of  fixed 
carbon  than  the  Gondwana  coals  of  the  peninsula  ;  but  this  was  due,  not  to 
original  superiority,  but  to  secondary  loss  of  the  hydrocarbons,  a  change  which 
naturally  resulted  in  the  proportionate  increase  of  the  other  constituent--,  ash 
included.  In  acknowledging  the  great  services  Professor  Dunstan  had 
rendered  to  Indian  economic  mineralogy,  the  speaker  suggested,  as  an 
additional  subject  for  research,  the  possible  occurrence  of  vanadium  in  the 
ashes  of  Indian  coal.  This  metal,  the  wide  distribution  of  which  has  only 
recently  been  noticed,  has  been  found,  amongst  other  unexpected  places,  in  the 
ash  of  Gondwana  coals  in  Australia  and  Argentina. 

Mr.  J.  D.  REES.  C.I.E.,  questioned  the  propriety  of  introducing  into  Indian 
mining  legislation  principles  found  necessary  in  this  country.  As  a  member 
of  the  select  committee  of  the  Viceroy's  council  upon  the  Mining  Bill,  he  had 
inspected  the  Bengal  coal  mines,  and  he  found  that  there  was  hardly  any  need 
for  any  such  regulations.  The  coolies  working  in  those  mines  with  their  wives 
and  children  were  among  the  happiest  labouring  people  in  the  world.  There 
was  no  danger  from  fire-damp,  and  accidents  of  any  kind  were  extremely  rare. 
Many  natives  of  Bengal  had  been  induced  to  discard  agriculture  for  employ- 
ment in  collieries,  and  this  was  a  great  advantage  to  the  country.  After 
hearing  the  Chairman's  speech  in  the  House  of  Commons,  two  nights  ago,  he 
was  inclined  to  think  that  Lord  George  Hamilton.  a.s  the  head  of  the 
administrative  machine  of  India,  thought  that  they  had  gone  quite  as  far  as 
was  wise,  in  imposing  upon  the  people  of  India  the  superfluous  services  of  an 
expensive  civilization.  It  seemed  to  him,  that  if  the  Bill  had  been  postponed 
a  little  longer,  and  the  inquiry  as  to  the  condition  of  the  people  had  come  on  a 
little  sooner,  the  measure  might  not  have  been  passed.  It  would  be  interest- 
ing to  know  why  there  was  no  tire-damp  in  the  coal  mines  of  Bengal,  whereas, 
in  South  Wales,  miners  went  down  in  fear  and  trembling  with  their  safety 
lamp.-.  In  Bengal  the  natives  lit  a  fire  below  and  cooked  their  food.  When 
he  was  travelling  in  the  Bengal  coal  district  he  discovered  that  the  coolies  were 
to  -oiue  extent  beginning  to  use  coal  in  the  immediate  vicinity  of  the  mines 
for  firing  and  cooking.  That  was  another  proof  that  in  India  caste  was  no 
obstacle  to  inducing  people  to  adopt  any  custom  if  they  were  let  alone  and  not 
crushed  by  a  cast-iron  system.  At  present  it  was  easy  for  coal  mines  to  get 
labour,  but  unwise  legislation  might  frighten  people  away.  He  had  noticed 
on  the  diagrams  that  the  coal  from  Glamorganshire,  which  had  the  highest 
calorific  value  of  any  coal  in  England,  and  the  coal  from  Cherrapunji,  which 
had  the  highest  calorific  value  of  any  coal  in  India,  came  from  relatively  the 
most  rainy  districts  of  their  respective  countries.  Had  that  anything  to  do 
with  the  quality  of  the  coal  ]  He  agreed  with  the  previous  speaker  that  the 
use  of  machinery  for  cutting  coal  would  possibly  not  pay  in  India  ;  he  woidd 
let  the  people  cut  coal  in  their  own  way.  On  the  other  hand,  he  had  observed 
in  the  goldfielcls  in  Mysore,  where  the  air-drill  was  used  for  cutting  exceed- 
ingly hard  quartz,  that  the  drills  were  used  in  a  most  skilful  manner  without 
the  slightest  difficulty  by  the  natives.  The  more  the  people  of  India  were  let 
alone  the  more  readily  they  would  take  to  such  occupations,  and  the  more  that 
diversity  of  occupation  and  improvement  in  the  condition  of  the  natives  would 
be  brought  about  which  every  one  desired. 

B    B 
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Lieut. -General  Sir  RICHARD  STRACHEY,  G.C.S.I.,  F.R.S.,  said  that  the  East 
Indian  Railway  during  the  year  1900  carried  5,000,000  tons  of  the  6,000,000 
tons  of  coal  produced  in  India  during  that  year.  It  might,  therefore,  be  said 
that  practically  the  East  Indian  Railway  was  the  great  carrier  of  coal  in  India. 
It  was  quite  certain  that  the  future  use  of  coal  in  India  would  depend  upon 
the  cost  of  transport  and  the  improvement  in  transport.  Roughly  speaking, 
the  cost  of  Bengal  coal  was  about  two  rupees  a  ton,  which  was  the  present 
minimum  charge  for  the  carriage  of  coal  over  about  130  miles.  Coal  exported 
by  sea  would  have  to  be  carried  about  150  miles,  for  which  the  charge  would 
be  about  2i  rupees  per  ton.  To  Umballa  the  distance  would  be  about  900 
miles,  and  the  charge  rather  more  than  14  rupees  per  ton.  From  that  it  would 
be  seen  to  what  extent  the  use  of  coal  was  likely  to  be  possible  generally. 
Whether  or  not  it  was  possible  to  reduce  the  charge  for  carriage  very  consider- 
ably was  a  matter  M-ell  worthy  of  consideration.  He  confessed  his  own  opinion 
was  that  it  could  be  reduced  ;  and  he  thought  that  if  the  suggestion  which  Mr. 
Upcott  made  was  carried  out.  and  the  East  Indian  Railway  was  allowed  to 
manage  its  own  business,  the  whole  of  the  traffic  arrangements  would  be 
greatly  improved,  and  the  cost  of  transport  considerably  reduced. 

The  CHAIRMAN  said  Professor  Dunstan's  valuable  paper,  together  with  the 
discussion,  had  particularly  interested  him,  because  it  was  his  business  every 
year  to  make  a  statement  to  the  House  of  Commons  with  regard  to  the  financial 
and  material  condition  of  India.     The  figures  which  influenced  him  most  in 
preparing  that  estimate  last  year  dealt  with  the  development  of  the  coal 
industry  in  India,  and  had  been  quoted  that  afternoon.     He  was  anxious  to  be 
informed  on  such  high  authority  whether  or  not  that  sudden  development  was 
a  mere  spurt  or  whether  it  was  likely  to  be  sustained  in  the  future.     After 
hearing  Mr.  Holland,  who  held  a  very  responsible  position  in  the  Geological 
Survey  of  India,  and  was  a  very  high  authority,  and  other  gentlemen  speak  on 
tire  subject,  he  thought  they  must  all  go  away  with  the  opinion  that  the  coal 
industry  was  for  the  future  likely  to  develop,  whether  as  rapidly  as  in  the  past 
remained  to  be  seen.     Putting  on  one  side  the  question  of  export  trade,  he 
thought  it  was  pretty  clear  that  India  could  produce  coal  enough  for  its  own 
consumption  and  of  a  quality  which,  at  the  price,  was  likely  to  keep  all  other 
coal  out  of  the  country.     He  thought  there  was  no  more  important  statement 
made  by  the  reader  of  the  paper  tlian  that  concerned  in  the  communication 
sent  to  him  by  a  steam  navigation  company,  namely,  that  during  the  sixty 
years'  existence  of  the  company  they  had  always  used  Indian  coal,  the  amount 
which  they  consumed  in  the  previous  year  amounting  to  over  a  million  tons. 
He  thought  that  was  most  conclusive  evidence,  so  far  as  the  supply  of  Indian 
coal  for  navigation  purposes  was  concerned.     Certain  suggestions  had  been 
made  as  to  how  the  coal  industry  could  be  expanded,  and  mention  had  been 
made  of  the  obstacles  which  might  retard  that  expansion.     He  was  glad  that 
the  proposals  the  reader  of  the  paper  made  to  the  Indian  Government  were  of 
a  moderate   character.     Professor   Dunstan   had  ventured  to  hope  that  the 
Government  would  establish  a  School  of  Mines,  and  had  urged  that  attention 
should  be  given  to  the  study  and  investigation  of  economic  geology.     He  (the 
Chairman)  was  glad  to  say  that  Indian  finance  was  very  good.     Notwithstand- 
ing all  the  complaints  of  poverty,  India,  for  the  last  two  or  three  years,  had 
had  surpluses  which  made  the  mouth  of  the  Chancellor  of  the  Exchequer  in 
this  country  water,  and  it  was  their  bounden  duty,  as  these  surpluses  seemed 
likely  to  continue,  to  try  and  utilize  them  to  the  advantage  of  native  industry 
and  the  development  of  the  country's  resources.     Sir  Richard  Strachey  had 
expressed  the  opinion  that  the  cost  of  transport  in  India  could  be  reduced. 
One  method  by  which  he  suggested  that  reduction  should  be  brought  about 
was  that  the  East  Indian  Railway  Company  should  be  allowed  to  do  as  it 
liked.     He  would  not  go  into  any  of  the   controversies  between   the  East 
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Indian  Company  and  the  Government,  beyond  saying  that  Sir  Richard 
Strachey  was  the  veteran  pioneer  of  many  enterprises  to  which  he  had  laid  his 
hand,  all  of  which  had  succeeded,  and  that  he  might  congratulate  himself  on 
having  been  fur  ^o  many  years  the  chairman  of  probably  one  of  the  most 
powerful  and  best-paying  railway  enterprises  that  the  world  had  ever  seen. 
At  the  same  time,  coal  was  very  attractive  ;  and  once  people  got  possession  of 
a  coalfield  they  liked  to  keep  all  other  people  off.  The  Indian  Government 
was  bound  in  the  future  to  see  that  every  reasonable  railway  access  was  given 
to  the  great  coalfields  of  India,  for  the  coal  of  which  there  was  likely  to  be  a 
large  demand.  He  thought  it  was  undoubted  that  the  carrying  capacities  of 
the  railways  running  into  Calcutta  had  been  overtaxed,  and  it  was  clear  that 
their  carrying  power  must  for  the  future  be  considerably  increased.  The 
Indian  Government  had  come  to  the  conclusion  that  in  their  future  railway 
policy  it  was  their  business  to  make  the  first  charge  upon  capital  for  the 
proper  equipment  of  all  lines  which  were  in  running  order  rather  than  to 
scatter  their  capital  in  multiplying  lines  less  efficiently  equipped  ;  and  to  that 
policy  they  would  adhere.  A  conference  had  recently  been  held,  not  on  the 
same  subject,  but  somewhat  germane  to  it,  of  railway  engineers  at  Calcutta. 
He  thought  the  unquestionable  result  of  that  conference  would  be  that  the 
locomotives  in  India  for  the  future  would  be  more  powerful  and  heavier  than 
they  were  now,  capable  of  drawing  greater  loads.  He  could  not  help  thinking, 
with  regard  to  the  conveyance  of  freight  in  India,  that  something  might  be 
learned  from  their  American  cousins  on  the  other  side  of  the  water,  who  had 
contrived  to  reduce  the  cost  of  freight  to  a  very  low  figure.  He  thought  it 
should  be  their  policy  to  diminish  the  cost  of  freight  in  India,  because  in 
proportion  as  the  traffic  was  increased  and  developed  the  State  could  afford  to 
make  reductions  in  the  charges  hitherto  imposed.  He  wished  to  say  a  word  in 
connection  with  the  legislation  which  had  recently  been  passed  dealing  with 
the  mining  industry  in  India.  He  quite  agreed  with  Mr.  Kees's  remarks  that 
the  Government  must  not  attempt  to  apply  European  ideas  or  European 
standards,  which  might  be  in  force  in  England,  to  another  country  where 
wholly  different  customs  prevailed.  All  industrial  legislation  in  England 
passed  through  two  processes.  It  was  violently  opposed  by  the  masters  to 
whom  it  was  applied,  but  as  soon  as  it  became  law,  so  impressed  were  they 
with  its  superlative  merits,  that  their  one  object  was  to  apply  it  as  rapidly  as 
possible  to  every  other  competitor  in  other  parts  of  the  British  Empire.  So 
long  as  he  wa.s  in  the  India  Office  that  policy  could  not  succeed.  Tney  were 
bound  to  take  all  reasonable  precautions  to  see  that  due  care  was  taken  of  the 
lives  and  limbs  of  those  who  were  engaged  in  the  mining  industry  at  home  ; 
but  at  the  same  time  it  must  be  remembered  that  wholly  different  systems  and 
customs  were  in  force  elsewhere.  They  should  not  in  any  way  attempt  to 
interfere  with  the  natives  who  could  work  in  the  mines,  in  which  they  had 
been  accustomed  to  work  for  generations  past — work  which  was  congenial  to 
them,  and  in  no  sense  in  excess  of  their  strength.  As  to  the  recent  Mining 
Act,  it  was  a  compromise.  As  originally  introduced,  he  thought  it  went  too 
far.  It  was  modified  in  Lord  Curzon's  Council,  and  he  had  not  heard  that  any 
objections  had  been  raised  to  it  since  it  had  been  in  operation.  In  conclusion, 
he  proposed  a  most  hearty  vote  of  thanks  to  Professor  Dunstan  for  his 
valuable  paper. 

Professor  DCNSTAX.  in  reply,  said,  with  reference  to  the  competition  between 
Japanese  and  Australian  coals  on  the  one  hand,  and  Indian  coal  on  the  other, 
that  the  question  was  fully  dealt  with  in  parts  of  the  paper  he  had  not  had 
time  to  read.  He  had  obtained  a  great  deal  of  information  from  the  Calcutta 
firms  on  that  subject.  It  was  very  largely  a  question  of  price,  and  the  general 
opinion  was  that  India  ought  to  be  able  to  hold  most,  if  not  all,  of  the  Eastern 
trade.  With  regard  to  the  question  of  coal-cutting,  his  impression  was  that, 
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apart  from  cheap  labour,  the  very  great  waste  occasioned  by  cutting  the  coal 
by  hand  would  be  obviated  by  the  use  of  machinery,  whilst  the  output  would 
be  greatly  increased.  So  far  the  natives  had  been  extremely  skilful  in  using 
such  machinery.  The  liability  to  spontaneous  combustion  of  Warora  coal  was 
well  known  to  him,  but  it  was  a  matter  of  comparative  unimportance  so  far  as 
Indian  coal  generally  was  concerned.  "With  regard  to  Mr.  Holland's  remarks, 
the  selection  of  the  samples  examined  was  undertaken  by  the  Government  of 
India.  The  matter  was  placed  in  the  hands  of  colliery  companies,  who  were 
requested  by  the  Reporter  on  Economic  Products  to  send  representative 
samples  of  their  seams.  -  From  what  he  had  seen  of  more  recent  analyses  of 
Indian  coal,  it  looked  as  though  they  were  on  the  whole  a  fair  average  set  of 
specimens.  He  would  be  only  too  pleased  to  co-operate  directly  with  the 
Geological  Survey  in  making  a  further  examination  of  selected  specimens  of 
coal  from  different  districts,  and  then  no  doubt  they  would  be  able  to  state  the 
quality  of  different  parts  of  the  same  seam.  With  reference  to  Darjeeling  coal, 
the  analysis  he  referred  to  was  not  his  own,  but  that  of  Mr.  Mallet,  of  the 
Geological  Survey,  who  had  found  in  one  specimen  as  much  as  80  per  cent,  of 
fixed  carbon  with  as  little  as  10  per  cent,  of  ash.  He  (Professor  Dunstan) 
would  be  glad  to  receive  further  information  on  the  subject,  and  to  examine 
specimens  of  the  coal  in  question  which  had  been  mentioned  as  deserving 
further  inquiry.  Mr.  Holland  had  raised  an  interesting  question  respecting 
vanadium.  He  had  not  examined  the  ash  of  Indian  coal  for  this  element,  but 
Professor  Hartley,  of  Dublin,  had  recently  been  examining  a  large  number  of 
minerals  for  vanadium.  If  Indian  coal  had  not  been  included,  he  should  be 
ready  to  supply  Professor  Hartley  with  specimens  for  that  purpose.  Mr.  Rees 
had  referred  to  the  Mines  Act.  He  (Professor  Dunstan)  had  merely  drawn 
attention  to  the  subject,  and  had  expressed  an  opinion  in  favour  of  caution  in 
making  such  regulations  which  he  was  glad  to  find  the  Chairman  fully 
recognized  in  the  very  important  pronouncement  he  had  made  on  this  matter. 
He  could  not  offer  a  satisfactory  explanation  of  the  fact  that  Indian  coal,  as  a 
rule,  was  free  from  fire-damp  ;  but  the  chemical  constituents  of  Indian  coal 
were  probably  not  the  same  as  those  of  English  and  Welsh.  The  matter  had 
never  been  investigated,  and  it  would  require  a  considerable  amount  of 
chemical  and  geologica  research  to  settle  it.  With  regard  to  the  rainfall  of 
South  Wales  and  Assam,  and  the  heating  power  of  their  coal,  he  did  not  think 
there  could  be  any  real  connection  between  the  two  facts. 

Sir  GEORGE  BIRDWOOD,  K.C.I.E.,  in  moving  a  vote  of  thanks  to  the  Chair- 
man, said  that  before  submitting  the  motion  to  the  meeting,  he  would  like  to 
make  a  few  remarks  on  the  paper,  with  particular  reference  to  the  discussion 
on  it.  The  paper,  which  was  one  of  great  ability  and  practical  utility,  was 
also  an  impressive  illustration  of  the  admirable  work  now  being  done  under 
the  indomitable  administration  of  Sir  Frederick  Abel,  both  in  the  Scientific 
and  Technical,  and  the  Commercial  Intelligence  Departments  of  the  Imperial 
Institute,  the  results  of  which  were  equally  enjoyed  by  India,  the  Colonies, 
and  the  United  Kingdom  ;  and  at  a  cost  which  was,  at  least  to  India, 
comparatively  insignificant.  Professor  Wyndham  Dunstan  had  during  the 
past  ten  years  examined  a  very  large  number  of  Indian  natural  products  of 
all  kinds  in  regular,  current,  casual,  or  speculative  demand  ;  and  had  not 
only  determined  their  chemical  constitiition,  but  reported  on  their  com- 
mercial value,  work  which  can  nowhere  be  so  advantageously  ascertained  as 
in  London.  The  speaker  expressed  the  hope  that  when  the  Imperial  Institute 
was  reorganized — if  he  might  apply  so  serious  a  word  to  what  would  be  merely 
a  formal  change — as  a  Government  Department,  under  the  direct  responsibility 
of  the  Board  of  Trade,  the  technical  and  scientific  side  of  the  Institute 
might  be  extended  and  developed  still  further,  if  only  so  far  as  India  and  the 
Colonies  were  concerned,  whatever  the  Treasury  might  refuse  to  do  for  the 
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United  Kingdom  in  its  drooping  commercial  competition  with  the  Continent 

of  Europe  and  the  United  State?  of  America.     He  would   offer  no  detailed 

criticism  of  the  masterly  paper  that  had  been  read  to  them  ;  but  he  had  been 

much  struck  by  the  discrepancy  between  the  tabular  'chemical  statement  of 

the  relative  values  of  British  and  Indian  coals,  and  the  statements  of  their 

comparative  practical  values  as  reported  by  the  engineers  of  Indian  steamships, 

railways,  and  factories.     It  seemed  desirable,  therefore,  that  there  should  be  a 

continuous  chemical  examination,  extending  over  a  series  of  years,  of  those 

Indian  coals,  which  were  constantly  varying  in  character,  in  order  that  their 

_e  value  might  be  more  or  less  closely  determined  ;  otherwise  these 

chemical  statements  became  practically  worthless,  if  not  absolutely  misleading 

and  mischievous.     As  to  what  Mr.  Upcott  said  of  the  desirability  of  inducing 

the  natives  of  India  to  use  coal  for  fuel,  and,  again,  tea  for  drink  ;  why  on 

earth  should  they  drink  tea,  when  the  rice-water  they  habitually  drink  is  so 

much  better  for  them  and  so  much  cheaper  1    And  why  shonld  they  use  coal 

when  wood  is  so  much  better  for  their  open  fires,  and  so  much  pleasanter,  and, 

again,  so  much  cheaper  1    The  wood  collected  by  one  man  or  woman  about 

Bombay  villages  in  three  hours  would  last  a  native  family  from  four  to  seven 

according  to  its  size.     He  was  delighted   to   hear  of  the   improving 

prospects  of  Indian  coal  as  the  result  of  the  constant  strikes  among  our  colliers 

at  home.     It  was  an  object-lesson  for  both  sides,  the  benefit  of  which  would 

certainly  not  be  thrown  away  on  the  keen-witted  people  of  India.     Pas-ing 

now  to  his  immediate  duty,  he  would  have  wished,  considering  the  high 

position  and  personal  distinction  of  the  Chairman,  that  the  moving  of  the  vote 

of  thanks  to  his  lordship  had  been  entrusted  to  some  one  more  worthy  to 

submit  it  to  that  influential  meeting.     But  he  had  one  excuse  for  accepting 

the  honour  of  acting  as  their  spokesman  on  the  occasion.     Of  the  thirty  years 

he  had  himself  been  employed  at  the  India  Office  on  special  duties  connected 

with  the  exploitation  of  Indian  natural  products  at  exhibitions,  and  in  other 

ways,  twelve  had  been  served  under  Lord  George  Hamilton,  and,  therefore, 

with  the  exception  of  General  Sir  Richard  Strachey,  who  they  were  all  >•• 

pleased  and  proud  to  have  among  them  that  afternoon,  he  was  probably  better 

able  than  any  one  else  to   testify,  not  merely  to  the  official,  but  to  the 

spontaneous  personal  interest  which  his  lordship  had  always  taken  in  the 

economic  well-being  of  India,  and  not  only  in  the  material,  but  in  the  moral 

advancement  of  the  country.     He  (Sir  G.  Bird  wood)  was  struck  by  this  from 

the  first  year,  1873  or  1874,  of  his  service  under  his  lordship,  who  from  the 

very   beginning   had   extended   his  confidence  to  him,    and   he  could   say, 

emphatically,  that  he  never  knew  any  one  more  seriously  and  solicitously 

concerned  in  all  that  tended  to  promote  the  security  and  wealth,  and  health 

and  happiness,  and  the  pride  and  glory  of  the  great  historical  people  of  India. 

Lord  George  Hamilton  had  already  presided  at  lectures  given  before  the  Indian 

Section  of  the  Society — by  Sir  Charles  Elliott  in  1897.  by  Sir  Mountstuart 

Elphinstone  Grant  Duff  in  1898,  and  Mr.  Athelstane  Baine>  in  1900  ;  and 

to-day,  the  occasion  of  the  reading  of  Professor  Wyndham  Dunstan's  invaluable 

and  interesting  paper,  his  lordship  filled  the  chair  for  the  fourth  time  in  five 

years.     He  therefore  most  cordially  moved  the  vote  of  thanks. 

The  vote  of  thanks  was  then  carried  unanimously. 


Li  cut. -Colonel  R.  GARDINER,  R.E.  (Chairman  of  the  Madras  Railway'-, 
write-  : — 

The  details  placed  before  his  audience  by  Professor  Dunstan  satisfactorily 
established  the  position  that  India  has  within  its  limits  a  practically  inexhaust- 
ible supply  of  coal  of  varying  quality,  but  which,  taken  all  round,  is  quite 
good  enough  for  the  generation  of  power  for  the  various  commercial  purposes 
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for  which  the  provision  of  such  power  economically  is  a  sine  qua  non.  A 
point,  however,  which  must  have  impressed  itself  on  the  attention  of  those 
who  examined  closely  the  maps  exhibited,  and  followed  carefully  the  details 
regarding  the  various'  coalfields,  was  that  the  bulk  of  the  supply  is  concentrated 
in  Bengal  and  the  Central  Provinces,  and  this  concentration,  when  the 
immense  area,  practically  all  India,  to  be  supplied  therefrom  is  taken  into 
account,  brings  out  the  importance  of  the  transportation  question  as  connected 
with  this  most  interesting  subject. 

North  of  the  readily  followed  dividing  line  formed  by  the  Great  Indian 
Peninsula  and  East  Indian  Railways  running  from  Bombay  to  Allahabad, 
west  and  east  across  the  centre  of  India,  there  is  practically  no  coal  of  real 
commercial  value  as  yet  known,  nor  is  it  likely,  in  view  of  the  extensive 
geological  knowledge  of  India  which  now  exists,  that  any  will  be  discovered 
which  would  be  of  more  than  local  interest.  All  Northern  India,  Western 
and  Southern  Bombay,  and  the  Madras  Presidency  have  to  look  towards  the 
coal  deposits  of  Bengal  and  the  Central  Provinces  for  their  indigenous  supply 
of  an  article  on  which  so  much  of  their  future  industrial  development  depends, 
and  the  expansion  of  the  coal  industry  so  located  and  the  provision  of  adequate 
lines  of  communication  therewith  becomes,  therefore,  a  matter  of  the  gravest 
interest  to  these  vast  and  important  portions  of  the  Indian  Empire. 

The  development  of  the  Bengal  coalfields  both  indiistrially  and  in  the 
matter  of  transport,  as  the  figures  and  other  details  given  by  the  Professor 
satisfactorily  demonstrated,  is  making  satisfactory,  it  may  even  be  said  rapid, 
progress.  The  areas  over  which  coal-getting  has  actually  commenced  are 
being  rapidly  covered  by  collieries  with  modern  equipment,  and  the  district  is 
conveniently  served  by  two  important  railways — the  East  Indian  Railway, 
and  its  younger  and  energetic  rival,  the  Bengal-Nagpur  Railway.  There  is 
little  doubt,  that  between  these  two  railways  the  Bengal  fields  will  be  well 
served  ;  not  so  promptly,  or  so  satisfactorily,  as  would  be  the  case  if  greater 
liberty  of  action  was  accorded  to  the  Indian  railway  companies,  in  the  matter 
of  foreseeing  and  providing  in  advance  for  developments  of  traffic,  but  stiU, 
discounting  such  disadvantages,  it  may  safely  be  said  they  will  in  the  end  be 
well  served  by  these  two  great  companies. 

Professor  Dunstan  has  indicated  the  general  directions  in  which  the  further 
opening  up  of  the  immense  coal  deposits,  in  the  area  bounded  on  the  north 
and  east  by  the  East  Indian  Railway  system,  and  on  the  west  and  south  by  the 
Bengal-Nagpur  Railway,  might  best  be  pursued,  and  I  endorse  most  strongly 
his  recommendation  that  increased  attention  be  given  to  the  practical  geological 
investigation  of  the  mineral  resources  of  India. 

In  carrying  out  the  surveys  necessary  for  determining  the  best  means  of 
developing  the  still  unexplored  fields,  practical  geological  and  engineering 
investigations  of  the  best  routes  to  be  adopted  should  be  made,  either  directly 
or  through  the  agency  of  the  railway  companies  directly  interested  in  the 
development  of  the  area  concerned. 

What  is  required  at  the  outset,  is  comparatively  inexpensive  reconnaissance 
investigations,  the  engineers  being  assisted  by  practical  geological  experts. 
Expensive  location  surveys  may  well  be  deferred  until  the  actual  construction 
of  any  definite  portion  of  line  is  about  to  be  undertaken.  A  knowledge  of  the 
approximate  routes  to  be  followed  by  the  new  railway  lines  of  the  near  future, 
and  information  regarding  such  geological  details  as  would  be  collected  during 
the  preliminary  surveys,  arid  the  Government  might  deem  it  desirable  to 
publish,  would  be  of  the  greatest  service  to  private  enterprise,  and  doubtless 
lead  to  the  early  opening  up  of  new  coalfields,  and  possibly  of  other  mineral 
industries,  over  this  huge  district,  which  is  known  to  contain  many  valuable 
descriptions  of  mineral  wealth. 

As  Professor  Dunstan  has  pointed  out  in  this  valuable  paper,  it  is  further 
most  desirable,  especially  in  the  interests  of  Southern  India,  that  the  fields 
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on  the  western  side  of  the  Central  Provinces  should  have  similar  and 
early  attention,  and  that,  either  by  a  specially  deputed  Government  staff  or 
thiwigh  the  agency  of  the  railways  interested,  the  whole  of  the  country  from 
Itarsi  on  the  north  to  the  mouth  of  the  Godavery  on  the  south,  shown  on  the 
Professor's  map  to  be  dotted  over  with  coalfields,  should  be  carefully  recon- 
noitred by  qua  lined  engineers,  assisted  by  practical  geological  exp'erts.  Coal 
would  naturally  be  given  the  first  place  in  such  investigations,  both  on  account 
of  its  importance  for  general  purposes,  and  having  in  view  its  being  a  primary 
necessity  for  successful  metallurgical  operations  ;  but  at  the  same  time,  the 
other  mineral  resources  of  the  districts  traversed  should  be  thoroughly  exam- 
ined. The  country,  speaking  broadly,  is  known  to  be  rich  in  minerals,  and  is 
probably  waiting  only  for  means  of  transport  to  give  a  start  to  their  extensive 
development  by  private  enterprise. 

In  his  references  to  the  railway  communication  question,  which  no  one  will 
fail  to  admit  is  a  most  important  feature  for  consideration  in  connection 
with  the  subject  of  his  paper,  Professor  Dunstan  has  briefly  noticed  the 
unsatisfactory  state  of  the  connections  with  Southern  India. 

An  inspection  of  the  railway  map  of  India  shows  that  between  the  Madras 
Presidency  and  the  Central  Province  coalfields,  from  which  it  must  apparently 
look,  in  the  main,  for  its  coal  supply  of  the  future,  there  is  a  vast  belt  of 
country,  bounded  by  the  Great  Indian  Peninsula  and  Nizam's  system  of 
railways  on  the  west,  along  the  north  and  east  by  the  Bengal-Nagpur  Railway, 
and  on  the  south  by  the  new  East  Coast  Railway,  absolutely  devoid  of  cross 
communication,  or  practically,  except  along  its  boundaries,  of  any  railways 
whatever.  The  length  of  this  belt  lying  east  and  west  is  some  600  miles,  and 
the  width  north  and  south  varies,  from  some  400  miles  at  the  west  end  to  100 
miles  at  the  east,  so  that  it  covers  the  enormous  area  of  not  less  than  150,000 
square  miles.  I  might  enlarge  here  on  the  importance  of  providing  this  huge 
district  with  the  security  from  famine  that  railways  afford,  with  the 
administrative  facilities  they  supply,  and  the  extent  to  which  they  foster  and 
develop  all  the  resources  of  the  country  which  they  traverse,  but  the  point  I 
desire  specially  to  make  now,  in  connection  with  the  coal  supply  question,  is 
the  want  of  this  cross  communication.  The  absence  of  direct  railway 
communication  between  the  Madras  Presidency  and  the  rest  of  India  other 
than  Bombay  has,  I  believe,  had  much  to  do  with  the  isolation  of  the  former 
and  the  comparative  smallness  of  the  intercourse  and  trade  between  that 
Presidency  and  India  generally.  This  isolation  has  been  partly  broken  down 
by  the  gradual  opening  out  within  the  last  few  years  of  the  railway  east 
coast  route  between  Calcutta  and  Madras,  but  Madras  still  wants,  and  badly 
wants,  north  and  south  communication  with  all  Upper  India  rid  the  Central 
Provinces. 

This  serious  defect  in  the  railway  communications  in  general,  and  of  the  coal 
transport  reqiiirements  in  particular,  of  the  Southern  Presidency,  could  be 
remedied  at  once  by  two  projects,  to  which  I  propose  now  to  refer — projects 
both  of  which  are,  I  believe,  capable  of  realization  in  the  immediate  future, 
without  inflicting  practically  any  serious  risk  or  liability  on  the  finances  of 
India,  if  only  reasonable  encouragement  is  given  to  private  enterprise. 

The  first  I  will  refer  to,  as  the  project  has  already  taken  a  concrete  form,  is  the 
proposed  Raipur  Vizianagram  Railway.  It  would  traverse  the  eastern  part  of 
the  great  tailless  (if  I  may  coin  the  word)  belt,  t<>  which  I  have  referred,  and 
by  means  of  its  proposed  branch  from  Scintilla  to  Sonpur,  which  would 
doubtless  be  connected  up  with  the  Bengal  Railway.  <:>j  Sambalpur,  would  give 
an  excellent  railway  connection  with  the  coalfields  of  Bengal  and  the  Eastern 
Central  Provinces. 

The  second  project  is  for  a  great  north  and  south  railway  to  run  from  Itarsi 
through  Nagpur  down  the  Godavery  Valley,  and  join  up  there  with  the  East 
Coast  Railway  running  into  Madras.  This  new  line  woxild  probably 
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eventually  extend  still  further  to  the  northward  through  Jabalpur  to  Jhansi, 
and  have  in  other  directions  connections  with  the  Great  Indian  Peninsula 
Railway  at  Warora  and  with  the  Nizam's  railway  system  at  Warangal.  Such 
a  line  would  traverse  completely  the  western  part  of  the  railless  belt,  and  meet 
all  the  varied  requirements  of  this  district.  Looked  at  from  our  special  stand- 
point it  wmild  afford  facilities  for  the  opening  up  of  the  Shahpur  and  Pench 
coalfields  north  of  Nagpur,  and  the  series  of  fields  shown  by  Professor  Dunstan 
to  the  south  thereof,  all  of  which  would  be  on  or  in  close  proximity  to  its  pro- 
bable alignment,  and  bring  them  into  close  touch  with  the  Madras  Presidency. 
The  former  project  (the  proposed  Raipur  Yi/ianagram  Railway)  has  been 
surveyed  and  detailed  estimates  of  its  cost  prepared.  Last  year  for  a  time  it 
appeared  in  the  Government  list  as  a  scheme  to  be  taken  up  as  soon  as  funds 
permitted.  Financial  considerations  are  believed,  however,  to  have  now 
relegated  it  to  a  back  seat  in  the  Government  programme.  Private  enterprise 
has  come  forward  and  offered  to  carry  through  the  scheme,  but  private  enter- 
prise in  connection  with  Indian  railways  is  not  altogether  plain  sailing. 
Railways  can  only  be  built  in  India  with  Government  permission,  according 
to  Government  requirements,  on  an  alignment  approved  by  Government  and 
subject  to  all  sorts  of  Government  rights,  control,  and  general  supervision. 
Under  such  circumstances  private  enterprise  in  connection  with  railways 
must  always  be  a  more  or  less  joint  stock  concern  with  Government,  and 
private  enterprise  cannot  get  along  without  active  sympathy  and  support  from 
Government,  such  as  one  partner  receives  from  another  partner  in  any 
successful  business.  No  amount  of  public  declarations  on  the  subject  can 
adequately  supply  such  a  requirement.  In  return  for  the  rights  and 
advantages  which  Government  secures,  it  may  well  give  a  reasonable  modicum 
of  assistance,  and  it  may  further,  I  submit,  judiciously  adjust  the  form  of  that 
assistance  to  suit  the  conditions  of  the  case,  and  not  bind  itself  by  hard  and 
fast  red-tape  regulations  which,  however  suitable  for  some  cases,  may  be  fatal 
in  others. 

That  the  Government  terms  and  attitude  towards  private  enterprise  can  be 
modified  and  rendered  far  more  acceptable,  without  any  practical  increase  in 
the  financial  responsibility  involved,  I  fully  believe,  and  am  confident  that  if 
some  desire  to  smooth  the  difficulties  and  encourage  such  enterprise  were 
shown,  there  would  soon  be  an  important  expansion  of  it,  to  the  great 
advantage  of  our  Indian  Empire  in  many  respects. 

Before  leaving  this  part  of  the  subject  I  would  like  to  refer  to  a  portion  of 
the  remarks  with  which  Lord  George  Hamilton  wound  up  the  discussion,  and 
which  seem  to  me  to  emphasize  the  importance  of  the  private  enterprise 
question  to  which  I  have  referred.  His  lordship  informed  the  meeting  that 
the  Indian  Government  had  come  to  the  conclusion  that  as  regards  their  future 
railway  policy,  they  must  make  the  first  charge  upon  the  capital  funds 
available,  the  proper  equipment  of  all  lines  that  are  in  running  order,  rather 
than  scatter  the  capital  in  multiplying  lines  less  efficiently  equipped.  Clearly 
this  is  not  a  cheerful  prospect  for  those  advocating  additions  to  the  present 
railway  system  of  India,  unless  private  enterprise  is  really  encouraged  to  step 
in  to  supplement  the  Government  programme.  The  meeting  of  the  re- 
quirements of  the  great  revenue-producing  lines  to  enable  them  to  pour  still 
larger  contributions  into  the  Imperial  treasury,  is  certainly  most  desirable,  but 
this  is  capital  outlay  that  is  directly  and  immediately  reproductive,  and  the 
provision  of  it  should  not  be  allowed  to  check,  as  there  seems  every  reason  to 
fear  it  will  check,  the  railway  development  of  the  country  generally,  and  through 
it  industrial  progress  of  all  kinds.  As  has  been  urged  more  than  once,  the 
treatment  of  the  capital  required  for  immediately  reproductive  works,  such  as 
the  expansion  of  a  paying  business,  needs  to  be  placed  on  a  different  footing 
from  the  provision  of  capital  required  for  new  projects  which  in  the  ordinary 
course  must  require  a  few  years  to  develop. 
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Mv  remark-  on  the  aspect  of  the  case  touched  on  in  the  foregoing  have 
taken  up  so  much  space  that  I  must  curtail  what  I  have  to  say  regarding  the 
other  points  dealt  with  in  this  very  interesting  paper  and  the  discussion  which 
followed.  The  supply  of  labour  for  the  collieries  is  not  such  an  easy  matter 
•enied  to  be  considered  by  some  of  the  speakers.  The  expansion  of  the 
coal  industry  in  Bengal  ha-  been  exceedingly  rapid,  and  the  consequent 
demand  for  a  special  kind  of  labour  very  great.  That  the  demand  will  create 
a  supply  there  is  little  doubt,  but  Indian  labour,  as  indeed  free  labour  all  the 
world  over,  requires  careful  handling  by  people  used  to  the  customs  of  a 
country,  and  legislation  in  regard  to  it  requires  to  move  slowly  and  cautiously. 
Xo  one  will  hesitate  to  approve  of  proper  regulations  for  protecting  the  health 
and  life  of  the  workers  provided  you  do  not  interfere  unnecessarily  with  the 
old-established  customs  of  the  people.  The  remarks  by  Lord  George 
Hamilton  on  this  point,  containing  as  they  did  a  very  clear  indication  of  his 
views  and  policy,  will,  I  feel  assured,  be  received  with  approval  by  those 
associated  with  the  industry  in  India. 

The  establishment  of  a  School  of  Mines  for  India  is  clearly  a  move  in  the 
right  direction,  but  too  much  must  not  be  expected  from  it  all  at  once.  It 
must  be  borne  in  mind  that  the  educated  native  is  most  unwilling  to  work 
with  his  hands,  other  than  at  clerical  or  similar  employment,  and  this  must  be 
got  over  before  you  will  get  him  to  take  to  the  training  necessary  to  turn  out 
good  captains  and  sub-managers  of  mines,  and  eventually  mine  managers.  Sir 
Richard  Strachey,  if  he  had  had  the  time  and  cared  to  enlarge  on  the  subject, 
could  have  told  the  meeting  that  in  this  matter,  as  in  others,  the  East  Indian 
Railway  is  not  behindhand.  Some  years  back  it  placed  its  services  at  the 
disposal  of  the  Government  for  the  training  of  engineering  students  from  the 
Sibpur  Engineering  College  at  its  Giridih  mines,  but  those  coming  forward  for 
the  same  were  few  in  number,  though  the  Bengal  Government  did  what  they 
could  to  foster  the  scheme. 

A  few  words  as  regards  railway  freight  rates.  Indian  railways  have  good 
reason  for  being  fairly  satisfied  with  the  position  they  have  attained  to  so  far 
in  the  matter  of  their  freight  rates,  the  lowness  of  which  compares  favourably 
with  those  generally  prevailing  in  any  country,  but  I  fully  believe  they  can 
go  much  lower,  especially  in  connection  with  mineral  traffic  drawn  by  powerful 
engines  in  heavy  train?  with  a  high  percentage  of  paying  load,  such  as  can  be 
got  by  the  gradual  elimination  of  all  but  well-designed  modern  rolling  stock. 
When  these  changes  have  been  carried  through  we  shall  see  rates  becoming 
customary  that  should  have  a  marked  effect  on  the  coal-using  industries 
situated  at  long  distances  from  the  coal-producing  centres.  For  the  coal 
export  trade  improved  facilities  will  doubtless  be  given  at  Calcutta  and  possibly 
else where,  but  though  I  have  always  held  that  Bengal  coal  should  rank  high 
in  outside  markets  east  of  Suez,  I  rather  question  whether  any  very  great 
expansion  over  the  figures  of  the  present  (so-called)  export  trade  can  be 
looked  for,  partly,  as  I  believe,  that  before  long  cheaper  inland  transportation 
rates  will  deprive  this  trade,  of  a  portion  at  any  rate,  of  the  present  seaborne 
supplies  taken  at  some  of  the  Indian  ports,  and  partly  because  we  cannot  shut 
our  eyes  to  the  increased  competition  it  is  iikely  to  have  to  encounter  as  other 
sources  of  supply  are  opened  up  in  the  further  East. 
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A  Cliemical  Investigation  of  the  Constituents  of  India/'. 

and  American  Podophyllum  (Podophyllum 

emodi  and  Podophyllum  peltatum).1 

By  WYXDHAM  E.  DUXSTAN  and  T.  A.  HENRY,  Salters'  Company's  Research 
Fellow  in  the  Laboratories  of  the  Imperial  Institute. 

Podophyllum  emodi  is  a  small,  herbaceous  plant  which  grows  abundantly 
in  Northern  India;  it  is  figured  and  briefly  described  in  Royle's 
Illustrated  Botany  of  the  Himalayas.  The  root,  or,  more  strictly,  the 
rhizome,  has  long  been  used  in  Indian  medicinal  practice  for  the  same 
purpose  as  that  for  which  the  allied  American  plant,  Podophyllum 
peltatum,  is  employed  in  Europe  and  America.  It  acts  as  a  powerful 
purgative,  and,  in  particular,  beneficially  affects  the  liver.  It  has  been 
frequently  suggested  that  the  constituents  of  both  rhizomes  are  very 
similar,  but  they  have  never  been  completely  examined  (Watt's 
Dictionary  of  the  Economic  Products  of  India,  Q,  Part  I. ;  Dymock, 
Imperial  Institute  Handbooks  of  Commercial  Products,  No.  3  ;  Umney, 
Pharm.  Journal  [in],  23,  207  ;  Thompson,  Amer.  Joum.  Pharm., 
1891). 

The  constituents  of  the  rhizome  of  the  American  Podophyllum 
peltatum  have,  however,  been  made  the  subject  of  several  investiga- 
tions. First,  in  1832,  Hodgson  prepared  the  mixture  of  resins 
known  and  largely  used  in  medicine  as  "  podophyllin,"  by  precipitat- 
ing a  concentrated  alcoholic  extract  of  the  rhizome  with  water ; 
this  is  now  manufactured  on  a  large  scale,  and  is  the  form  in 
which  "  podophyllum "  is  usually  administered  as  a  drug.  The  first 
important  contribution  to  the  chemistry  of  podophyllum  was  that 
made  by  Podwyssotski  (Pharm.  Journ.  [iii],  12,  217,  1011);  this 

1  Reprinted  from  the  Journal  of  the  Chemical  Society,  1898,  73,  209. 
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chemist  showed  that  the  rhizome  did  not,  as  was  previously  supposed, 
contain  the  alkaloid  berberine ;  he  isolated  from  it  three  substances 
which  he  named  podophyllotoxin,  podophyllic  acid,  and  podophyllo- 
quercetin  respectively.  To  the  first  of  these  he  attributed  the 
characteristic  purgative  action  of  the  drug,  but  the  others  he  believed 
to  be  physiologically  inert ;  the  first  two  he  did  not  succeed  in  obtain- 
ing in  a  crystalline  condition,  the  third  was  a  crystalline,  yellow 
colouring  matter. 

He  further  showed  that  when  podophyllotoxin  is  acted  on  by 
alkaline  solutions,  it  is  decomposed,  furnishing  two  new  substances, 
one  crystallising  in  long  needles  with  a  silky  lustre,  which  he  named 
picropodophyllin,  and  the  other  a  gelatinous  substance  having  the 
characters  of  an  acid,  which  he  called  picropodophyllic  acid. 

Kursten  (Arch.  Pharm.,  1891,  229,  220-248),  who  considerably 
amplified  the  work  of  Podwyssotski,  succeeded  in  crystallising  podo- 
phyllotoxin, and  ascribed  to  it  the  composition  represented  by  the 
formula  C.,3H94O9,2H2O.  He  showed  also  that  by  the  action  of  alkalis 
it  is  converted  into  an  isomeride  picropodophyllin,  and  concluded  that 
the  picropodophyllic  acid  of  Podwyssotski  simultaneously  produced  is 
an  oxidation  product  which  can  be  prepared  by  the  action  of  perman- 
ganate in  alkaline  solution.  He  expressed  its  composition  by  the 
formula  C.,0H24O9  and  called  it  podophyllic  acid.  He  obtained  this 
acid  crystalline,  and  ascertained  its  molecular  weight  through  the 
analysis  of  its  copper  salt ;  he  also  determined  that  both  picropodo- 
phyllin and  podophyllotoxin  have  the  same  composition,  and  contain 
three  methoxyl  groups.  The  composition  of  Podwyssotski's  podo- 
phylloquercetin  he  represented  by  the  formula  C23H16O10,  and  prepared 
crystalline  hexacetyl  and  hexabenzoyl  derivatives  from  it;  from  an 
examination  of  these  derivatives,  and  of  the  methyl  ether  of  the 
colouring  matter,  he  came  to  the  conclusion  that  podophylloquercetin 
and  quercetin  (from  quercitron  bark)  are  not  identical. 

Very  little  has  so  far  been  done  in  the  chemistry  of  PodophyUum 
emodi.  The  amount  of  resin  in  the  rhizome  has  been  estimated  by 
Dymock  and  Hooper  (Pharmacograpliia,  Indica),  and  also  by  J.  C. 
Umney  (Pharm.  Journ.  [iii],  23,  207),  who  showed  that  it  contains 
Podwyssotski's  amorphous  podophyllotoxin,  but  in  smaller  quantity 
than  the  American  rhizome. 

The  objects  of  the  present  investigation  were  to  decide  whether  or 
not  the  constituents  of  the  American  and  Indian  plants  are  identical, 
to  determine  their  constitutions  as  far  as  possible,  and  to  ascertain 
whether  the  rhizome  of  the  latter  plant  could  be  used  as  a  source  of 
the  medicinal  resin  "  podophyllin."  In  addition  to  the  chemical  ex- 
amination, physiological  and  therapeutical  investigations  of  the  action 
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of  the  several  constituents  have  been  instituted  and   the  results  of 
these  are  published  in  this  volume. 

Briefly  stated,  the  principal  results  we  have  obtained  are  as  follows. 
We  have  proved  that  the  constituents  of  P.  tmodi  are  identical  with 
those  of  P.  peliatum.  Crystalline  podophyllotoxin  is  shown  to  have 
the  composition  represented  by  the  formula  C15HUO0, 2H2O ;  when 
acted  on  by  aqueous  alkalis  it  is  converted  into  the  isomeric  picro- 
podophyllin ;  the  gelatinous  acid  first  produced  in  this  reaction  is 
the  acid  corresponding  to  the  lactone  picropodophyllin,  and  not  an 
oxidation  product,  as  Kursten  supposed.  It  is  also  shown  that  both 
podophyllotoxin  and  picropodophyllin  contain  two  methoxyl  groups, 
that  both  furnish  monobromo-derivatives,  and,  when  fused  with 
potash,  yield  orcinol  and  acetic  acid,  also  that  both  furnish  dimethyl- 
naphthalene  when  distilled  with  zinc  dust.  The  formula  C15H14O6  is 
assigned  to  podophyllotoxin  and  picropodophyllin,  and  C15H16O7  to 
podophyllic  acid,  and  structural  formulae  are  suggested  for  these 
substances,  exhibiting  them  as  derivatives  of  a  substituted  phenylated 
hydro-y-pyrone.  The  yellow  colouring  matter  has  been  completely 
purified,  analysed,  and  shown  to  have  the  composition  represented  by 
the  formula  C15H10O7;  it  yields  a  pentacetyl  derivative  melting  at 
192",  a  tetramethyl  ether  (m.  p.  156  ),  and  a  compound  with  sulphuric 
acid  corresponding  exactly  with  the  quercetin  compound.  When  fused 
with  potash,  it  yields  phloroglucinol  and  protocatechuic  acid.  From 
this  experimental  evidence  it  is  concluded  that  the  colouring  matter 
is  identical  with  the  quercetin  of  quercitron  bark,  and  that,  therefore, 
the  use  of  the  name  podophylloquercetin  is  unnecessary. 

The  removal  of  podophyllotoxin  and  quercetin  from  "podophyllin  " 
left  a  dark -coloured,  resinous  powder,  which  was  still  physiologically 
active ;  attempts  were  therefore  made  to  isolate  this  active  substance 
from  the  residue.  By  treating  it  with  absolute  alcohol,  followed  by 
fractional  precipitation  of  the  solution  with  water,  a  viscid,  brown  resin 
was  obtained,  which  proved  to  be  active  as  a  purgative ;  all  attempts 
to  crystallise  this  viscid  resin  were  unsuccessful.  In  the  purest  form 
in  which  we  have  obtained  it,  it  is  a  transparent,  reddish-brown 
substance,  softening  and  becoming  semi-liquid  a  few  degrees  above  the 
atmospheric  temperature.  It  yields  a  crystalline  acetyl  derivative, 
and  from  this  we  have  ascertained  indirectly  that  the  podophyllo-resin 
probably  has  the  formula  C12H1.2O4. 

We  are  indebted  to  Dr.  H.  W.  G.  Mackenzie,  assistant  physician  to 
St.  Thomas's  Hospital,  and  Mr.  W.  Dixon,  M.B.,  Salters'  Research 
Fellow  in  Pharmacology  at  St.  Thomas's  Hospital,  for  having  examined 
the  therapeutic  effects  and  the  physiological  action  of  the  constituents 
we  have  obtained  from  Podophyllum  emodi.  An  account  of  their  work 
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is  published  in  the  succeeding  paper  (p.  19),  and  only  the  general 
conclusions  will  be  indicated  here.  Therapeutic  trial  has  proved  that  the 
podophyllin  prepared  from  Podophylluin  emodi  is  as  valuable  a  purgative 
as  the  podophyllin  obtained  from  P.  peltatum.  The  action  of  this 
resinous  mixture  is  due  partly  to  the  podophyllotoxin  it  contains,  and 
partly  to  the  active  "  podophyllo-resin  "  mentioned  above.  Owing  to 
its  intensely  irritating  action  internally,  even  when  given  in  small 
doses,  podophyllotoxin  is  unsuitable  as  a  medicinal  substitute  for 
podophyllin,  whilst  podophyllo-resin  would  seem  to  present  no  thera- 
peutic advantage  as  compared  with  the  podophyllin  now  employed. 
Picropodophyllin,  podophyllic  acid,  and  the  quercetin  are  very  slightly, 
if  at  all,  active  as  purgatives. 

Since  P.  emodi  furnishes  more  podophyllin  than  P.  pdtatum,  the 
Indian  plant  is  of  greater  value  as  the  source  of  this  resin.  Appended 
to  this  paper  are  results  of  determinations  of  the  amount  of  resin  con- 
tained in  the  rhizomes  of  plants  collected  in  different  districts  of  the 
Punjab  under  the  supervision  of  Dr.  George  Watt,  C.I.E.,  Reporter 
on  Economic  Products  to  the  Government  of  India. 


Podophyllotoxin . 

Podwyssotski  had  shown  that  podophyllotoxin  is  precipitated  when 
a  chloroform  extract  of  the  rhizome  of  P.  peltatum  is  added  to  a  large 
excess  of  light  petroleum,  and  Kursten  had  found  that  by  fractionally 
precipitating  a  chloroform  solution  of  this  crude  podophyllotoxin  a 
crystalline  substance  (podophyllotoxin)  could  be  obtained.  The  method 
we  finally  adopted,  after  many  trials,  consisted  in  preparing  the 
mixture  of  resins  (podophyllin)  from  the  rhizome  of  P.  emodi  and  then 
percolating  this,  in  a  Soxhlet  extractor,  with  chloroform ;  the  chloro- 
form was  distilled  from  the  percolate,  the  dark  brown  extract  boiled 
with  benzene,  and  the  hot  benzene  solution  filtered  into  a  cold  flask 
and  allowed  to  cool  somewhat ;  by  this  means,  a  good  deal  of  resin  was 
easily  removed.  The  solution  was  then  poured  from  the  deposited 
resin,  boiled  for  some  time  with  animal  charcoal,  filtered,  and  set  aside 
for  several  days,  when  almost  colourless  crystals  of  podophyllotoxin 
were  obtained.  These  were  purified  by  recrystallisation  either  from 
a  mixture  of  chloroform  and  petroleum,  or  from  alcohol  and  Avater. 

The  pure  substance,  which  forms  colourless  needles  melting  at  117°, 
is  easily  soluble  in  alcohol,  acetone,  chloroform,  and  hot  benzene,  but 
only  slightly  in  water.  Its  taste  is  very  bitter.  Analysis  of  a  carefully 
purified  specimen,  which  had  been  dried  at  110°  until  no  further  loss 
of  water  occurred,  gave  the  following  results. 
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0-1121  gave  0-2534  CO,  and  0'5U]H,O.  C  =  61'65  :  H  =  5  09. 
0-U2       „     0-3246  CO."    „    0-611  H~,O.  C  =  62-24 ;  H  =  4'78. 
0-1328     „     0-3025  OX    „     0'667  H.A  C  =  62-13 ;  H  =  557. 
Mean  C  =  62-00;  H  =  5-ll"   C15HuO6requii-esC  =  62-06:  H  =  4-82p.  c. 

"We  therefore  adopt  this  formula  as  simpler  than  that  suggested  by 
Kursten,  a3H,4Oy,2H2O. 

Specific  Rotation  of  Podophyllotoxin. — For  the  determination  of  this 
constant,  an  alcoholic  solution  containing  2-417  grams  in  100  c.c.  of 
absolute  alcohol  was  used  in  a  2-decimetre  tube  with  Laurent's  half- 
shadow  polarimeter.  The  compound  is  strongly  l?evorotatory. 

The  mean  of  ten  readings  was  -  4=  35'. 

100  x  43  35' 
Hence  the  specific  rotation  [aJD  is  -^ — o-n*-    ~  ~^  ^v  • 

Water  of  Crystallisation. — When  podophyllotoxin  is  crystallised  from 
a  mixture  of  alcohol  and  water,  it  separates  as  a  hydrate.  A  deter- 
mination of  the  water  gave  the  following  result. 

0-2988  dried  at  100=  for  2  hours  lost  0'0302  ;  further  dried  at 
HO3  until  the  weight  was  constant,  it  lost  0'0013;  no  further  loss 
occurred  at  120J.  0-2988  therefore  contains  0-0315  =  10*5  per  cent. 
C15HUO6,2H.,O  requires  11-2  per  cent,  of  water  of  crystallisation. 

Anhydrous  Podophyllotoxin. — The  dried  podophyllotoxin  obtained  in 
the  previous  experiment  was  dissolved  in  absolute  alcohol,  and  the 
solvent  then  removed  by  exposure  in  a  vacuous  desiccator.  As  the 
solution  became  concentrated,  crystals  of  anhydrous  podophyllotoxin 
melting  at  157"  were  obtained  ;  these  pass  into  the  ordinary  hydra  ted 
substance  when  recrystallised  from  alcohol  by  adding  water.  It  was 
afterwards  found  that  a  very  convenient  method  of  obtaining  anhydrous 
podophyllotoxin  consists  in  heating  the  hych-ated  substance  at  its 
melting  point  (117=)  for  a  few  minutes,  dissolving  the  product  in  dry 
chloroform,  and  adding  dry  light  petroleum  until  the  mixtui 
slightly  turbid  ;  after  standing  a  few  hours,  the  anhydrous  substance 
crystallises  out.  On  exposure  to  air  and  light  for  several  weeks, 
anhydrous  podophyllotoxin  acquires  a  purple  colour;  the  hydrated 
substance,  on  the  contrary,  appears  to  be  quite  stable  under  these 
conditions.  The  specific  rotation  of  an  alcoholic  solution  of  anhydrous 
podophyllotoxin  was  found  to  be  [a]  D  =  -  78°  4'. 

Picropodophyllin. 

If  podophyllotoxin  is  boiled  with  aqueous  alkalis  until  com- 
pletely dissolved,  and  the  liquid  is  then  acidified  with  dilute  mineral 
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acids,  a  white  precipitate  is  thrown  down ;  this  is  soluble  in  hot 
alcohol,  and  on  cooling  is  deposited  in  the  form  of  silky  masses  of  long 
needles,  melting  at  227°.  It  has  all  the  properties  of  Podwyssotski's 
picropodophyllin.  It  was  found  to  be  soluble  in  chloroform,  acetone, 
and  hot  alcohol,  and  nearly  insoluble  in  cold  alcohol  and  water.  Like 
podophyllotoxin,  it  has  an  extremely  bitter  taste,  but  has  no  rotatory 
action  on  polarised  light.  Analysis  of  a  carefully  purified  specimen 
gave  the  following  results. 

0-0895  gave  0-203  CO.,  and  0-0436  H0O.      C  =  61-86  ;  H  =  5-42. 

0-1253     „     0-2841  CO,  „     0-0604  H.,0.      0  =  61-74;  H  =  5-35. 

MeanC  =  61-8;  H  =  5-38.  C15HUO6 requires  C  =  62-06;  H  =  4-82per  cent. 

Picropodophyllin,  therefore,  appears  to  be  isomeric  with  podophyllo- 
toxin. As  further  proof  of  the  isomerism  of  podophyllotoxin  and  picro- 
podophyllin, it  should  be  added  that  when  podophyllotoxin  is  heated  in 
sealed  tubes  with  water  or  dilute  hydrochloric  acid,  some  picropodophyl- 
lin is  formed,  and  although  decomposition  products,  such  as  methylic 
alcohol,  &c.,  have  been  carefully  searched  for,  none  have  been  found. 

The  difference  of  even  a  methyl  group  makes  a  considerable  difference 
in  the  percentage  composition  of  this  molecule ;  thus,  supposing  podo- 
phyllotoxin to  be  methyl  picropodophyllin,  C10H1300-CHa,  this  formula 
would  require  C  =  63-15 ;  H  =  5-2  per  cent. 

The  results  of  the  combustion  of  picropodophyllin  recorded  above 
cannot  be  reconciled  with  this,  and  the  presence  of  an  extra  methoxyl 
or  acetyl  group  would  make  the  difference  greater  still, 

On  the  other  hand,  the  combustions  of  podophyllotoxin  are  uniformly 
slightly  lower  in  carbon  than  those  of  picropodophyllin. 

Podophyllotoxin  ...     61-64     61-53     61-13     61-51     61-40     mean  61-4 
Picropodophyllin...     61-86     61-74     61-93  „      61-8 

But  we  believe  that  this  is  explained  by  the  difficulty  of  obtaining 
podophyllotoxin  completely  anhydrous.  The  facts  recorded  subse- 
quently greatly  strengthen  the  supposition  that  the  two  compounds 
are  isomeric. 

From  the  experiments  we  have  made,  it  does  not  appear  that  picro- 
podophyllin is  an  actual  constituent  of  the  plant. 

Podophyllic  Acid. 

If  the  solution  obtained  by  boiling  podophyllotoxin  with  alkali  is 
carefully  cooled  and  then  acidified  by  adding  dilute  acetic  acid,  no  pre- 
cipitation occurs,  but  on  standing  for  several  hours  (unless  the  solution 
is  very  concentrated)  the  whole  solidifies  to  a  transparent  jelly.  If 
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this  jellv  is  dissolved  in  hot  alcohol  and  the  solution  allowed  to  stand, 
almost  the  whole  of  the  podophyllotoxin  originally  used  is  obtained  in 
the  form  of  picropodophyllin.  It  is  therefore  evident  that  a  very  close 
connection  exists  between  picropodophyllin  and  the  gelatinous  acid, 
which  is  probably  the  principal  constituent  of  Podwyssotski's  picro- 
podophyllic  acid,  and  Kursten's  podophyllic  acid.  We  propose  to  retain 
for  it  the  name  otpodophyUic  a<:?V. 

If  picropodophyllin  itself  is  boiled  with  alkalis  it  dissolves,  and  if 
this  solution  is  cooled  and  acidified  with  acetic  acid,  it  also  gelatinises. 

All  attempts  to  isolate  this  gelatinous  substance  failed ;  when  dis- 
solved, it  invariably  gives  only  picropodophyllin  on  removing  the  sol- 
vent, and  when  exposed  in  a  vacuous  desiccator,  it  leaves  only  a  mass 
of  crystals  of  picropodophyllin.  It  is  apparently  an  acid,  since  it  redis- 
solves  on  the  addition  of  alkaline  solutions,  but  as  it  does  not  react 
with  any  of  the  ordinary  indicators,  it  is  difficult  to  prepare  salts  by 
direct  neutralisation.  It  was  found  possible,  however,  to  prepare 
crystalline  salts  by  the  following  method.  Picropodophyllin  or  podo- 
phyllotoxin is  dissolved  in  hot  alcohol,  and  a  sufficient  quantity  of 
alcoholic  soda  added  to  this  solution,  the  mixture  is  then  boiled  for 
some  time,  and  when  crystals  begin  to  form  the  mixture  is  allowed  to 
cool,  and  the  crystalline  precipitate  filtered  off,  washed  once  or  twice 
with  alcohol  and  ether,  and  dried.  It  can  be  recrystallised  from  water 
or  alcohol. 

An  aqueous  solution  of  this  substance  gelatinises  when  acidified 
with  acetic  acid,  and  from  this  gelatinous  material  picropodophyllin  is 
obtained  by  dissolving  it  in  hot  alcohol,  and  the  substance  when  heated 
in  a  dry  test  tube  yields  a  residue  of  sodium  carbonate  ;  the  substance 
must  therefore  be  the  sodium  salt  of  podophyllic  acid. 

From  this  crystalline  sodium  salt,  a  silver  salt  was  prepared  by 
double  decomposition.  Silver  podophyllate  is  somewhat  soluble  in 
water,  and  is  very  unstable,  becoming  dark  grey  in  a  few  minutes 
when  exposed  to  light. 

Analysis  of  two  specimens  gave  the  following  results. 

0-0745  gave  0-0195  Ag.     Ag.  =  26-17  I  „ 

0-0706     „     0-0178  Ag.      Ag.  =  05.0!  }  Mean  Ag.  =  2o-69  per  cent. 

C14H15O--COOAg.  requires  Ag.=  25'82  per  cent. 

The  copper  salt  was  prepared  by  adding  solution  of  copper  acetate 
to  a  solution  of  sodium  podophyllate  and  slowly  removing  the  water 
by  evaporation  in  a  desiccator  ;  it  is  thus  easily  obtained  in  light  green 
microscopic  prisms.  When  boiled  with  alcohol  or  water,  the  copper 
salt  decomposes,  giving  copper  oxide,  picropodophyllin  crystallising 
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from  the  alcoholic  solution ;  this  decomposition  was  made  use  of  for 
the  determination  of  the  amount  of  copper  contained  in  the  salt. 

0-1030  gave  0-0128  CuO  =  1242  per  cent. 

(ClsH15O7).jCu  requires  CuO  =  11 '8  per  cent. 

The  aqueous  solution  of  sodium  podophyllate  is  Isevorotatory ; 
a  determination  of  the  specific  rotation,  using  a  solution  containing 
2 -7365  grams  in  100  c.c.  of  solution  in  a  2-decimetre  tube  with 
Laurent's  half-shadow  polarimeter,  gave  as  the  mean  of  ten  readings 
4°  33'. 

Hence  the  specific  rotation, 

100x4"33' 
aj°-  "2-7365x2  =  8' 

From  the  experimental  facts  mentioned,  it  is  clear  that  picropodo- 
phyllin  must  be  the  anhydride  of  podophyllic  acid.  These  facts  may 
be  summarised  thus. 

(1)  Picropodophyllin,  when  boiled  with  alkali,  gives  podophyllic  acid. 

(2)  Podophyllic  acid  loses  water  and  becomes  picropodophyllin. 

(3)  The  copper  salt  of    podophyllic  acid  is  decomposed  on  boiling 
with  alcohol  into  cupric  oxide  and  picropodophyllin,  water  being  elimi- 
nated ;  picropodophyllin  must  therefore  contain  the  group  —  COO  —  . 

It  was  thought  that  possibly  the  gelatinous  acid  produced  from 
podophyllotoxin  might  be  an  optical  isomeride  of  that  obtained  from 
picropodophyllin,  but  the  determination  of  the  specific  rotation  of  the 
former  shows  that  the  two  are  identical ;  this  determination  was 
carried  out  under  the  conditions  mentioned  above,  using  a  solution 
containing  1-267  grams  in  100  c.c. 

The  mean  of  ten  readings  was  —  2°  7'. 

Specific  rotation  [a]  D  =  -  83°  31'. 

From  these  observations,  we  conclude  that  Podwyssotski's  picro- 
podophyllic  acid  is  not,  as  Kursten  supposes,  an  oxidation  product  of 
podophyllotoxin  having  the  formula  C20H24O9,  but  when  pure  is  a 
monobasic  acid  of  the  formula  C15H16O7,  of  which  picropodophyllin 
(C15H1406)  is  the  anhydride  or  lactone. 

Determination  of  Methoxyl  in  Podophyllotoxin  and  Picropodophyllin. 

This  estimation  was  carried  out  by  Zeisel's  method ;  two  expevi- 
ments  gave  the  following  results. 

0-203  podophyllotoxin  gave  0-3159  Agl.     CH3O  =  20-61. 
0-1226  „  „     0-1918  Agl.     CH3O  =  20'71. 

C13H8O4(OCH3).,  requires  CH3O  =  21-2  per  cent. 
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The  determination  of  methoxyl  groups  in  picropodophyllin  gave  the 
following  results. 

0-2068  picropodophyllin  gave  0-3346  Agl.     CH3O  =  21-43. 
0-134  „  „      0-2204  Agl.     CH3O  =  21-7. 

C13HSO4(OCH3),  requires  CH3O  =  21'2  per  cent. 

Podophyllotoxin  and  picropodophyllin,  therefore,  both  contain  two 
methoxyl  groups. 

Action  of  Fused  Potash  on  Podophyllotoxin. 

Guareschi  (Ber.,  1879,  12,  683)  has  examined  the  action  of  fused 
potash  on  "  podophyllin/'  which  he  recognises  to  be  a  mixture,  and 
found  that  paraoxybenzoic  acid,  pyrocatechol  and  protocatechuic  acids 
were  the  principal  products. 

When  podophyllotoxin  is  added  to  melted  potash  and  the  mixture 
kept  just  fused  for  about  half  an  hour,  a  dark  brown  "  melt  "  is  formed. 
This  was  dissolved  in  water,  dilute  sulphuric  acid  added  in  excess,  the 
precipitate  dissolved  in  ether,  and  after  the  ethereal  solution  had  been 
decolorised  with  animal  charcoal,  the  solvent  was  removed  by  distilla- 
tion, and  the  residue  dissolved  in  boiling  water,  and  pi-ecipitated  with  a 
solution  of  basic  lead  acetate.  This  precipitate  was  decomposed  with 
dilute  sulphuric  acid,  the  mixture  shaken  with  ether,  the  ethereal  solu- 
tion dried  over  fused  calcium  chloride,  and  light  petroleum  added  until 
the  mixture  was  just  turbid.  At  first  a  resinous  substance  was  de- 
posited, but  the  later  fractions  consisted  of  a  substance  crystallising  in 
colourless  needles,  and  melting,  after  having  been  dried  in  a  desiccator 
for  some  days,  at  107 3.  It  gave  a  violet  coloration  with  ferric  chloride 
solution.  It  had,  therefore,  the  properties  of  orcinol,  but  the  quantity 
obtained  was  insufficient  for  analysis. 

The  solution  of  the  melt,  which  had  been  acidified  with  dilute  sul- 
phuric acid,  was  distilled,  and  the  distillate,  after  being  exactly  neutral- 
ised with  soda,  was  concentrated.  Silver  nitrate  was  then  added,  and 
the  white,  crystalline  precipitate  collected,  dried,  and  analysed. 

0-0892  silver  salt  gave  0*0573  Ag.     Ag  =  64-2. 

Silver  acetate  requires  Ag  =  64'61  per  cent.  The  volatile  acid  is 
therefore  acetic  acid. 

No  derivatives  were  obtained  when  podophyllotoxin  or  picropodo- 
phyllin was  allowed  to  react  with  acetic  anhydride,  benzoic  chloride,  or 
hydroxylamine ;  in  each  case  the  substance  was  recovered  unchanged. 

When  solutions  of  podophyllotoxin  and  phenylhydrazine  interact, 
an  oily  precipitate  forms  on  standing,  but  this  could  not  be  obtained 
in  a  crystalline  condition,  and  has  not  been  further  examined. 
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Action  of  Bromine  on  Podophyllotoxin. 

Finely-powdered  podophyllotoxin  was  made  into  a  paste  with  glacial 
acetic  acid,  and  bromine  added  until  a  slight  excess  was  present ;  the 
acetic  acid  was  then  removed  by  exposure  in  a  vacuous  desiccator,  the 
residue  dissolved  in  ether,  the  solution  decolorised  with  charcoal,  and 
sufficient  light  petroleum  added  to  cause  slight  turbidity  on  standing. 
In  this  way,  colourless  crystals  of  a  bromo-derivative  melting  above 
250°  were  obtained ;  this,  after  recrystallisation  from  ether  and  petro- 
leum, was  analysed  by  Carius'  method. 

0-1 16  gave  0-0568  AgBr.     Br-20'9. 

C15H14O,jBr  requires  Br  =  21-6  per  cent. 

Action  of  Bromine  on  Picropodophyllin. 

A  bromo-derivative  of  picropodophyllin  was  formed  on  treating  it 
with  bromine  in  the  same  manner  as  podophyllotoxin,  but  it  could  not 
be  obtained  in  a  crystalline  condition  except  from  alcohol,  and  solution 
in  this  liquid  was  always  accompanied  by  liberation  of  free  bromine. 
A  specimen  which  had  been  crystallised  from  alcohol  was  dissolved  in 
ether,  and  the  solution  fractionally  precipitated  with  light  petroleum  ; 
the  second  fraction  was  colourless  and  melted  at  138°,  and  no  change 
in  the  melting  point  was  observed  after  fractional  precipitation  from 
ether.  A  portion  of  this  specimen  was  analysed,  with  the  following 
result. 

0-0347  gave  0'0143  AgBr.     Br=  18-85. 

C15H14O6Br  requires  Br  =  21'6  per  cent. 

This  monobromopicropodophylliii,  therefore,  appears  to  be  an  iso- 
meride  of  monobromopodophyllotoxin. 

Action  of  Nitric  Acid  on  Podophyllotoxin  and  on  Picropodophyllin. 

On  adding  strong  nitric  acid  to  podophyllotoxin  dissolved  in  glaoial 
acetic  acid,  a  deep  red  coloration  was  produced,  which,  after  a  few 
hours,  changed  to  deep  yellow  ;  after  the  nitric  and  acetic  acids  had 
been  partly  removed  by  heating  on  a  water  bath,  a  colourless,  crystal- 
line substance  separated,  which  was  shown  to  be  oxalic  acid  by  an 
analysis  of  the  silver  salt. 

Found  Ag  =  70-5.     Ag2C2O4  requires  Ag  =  70 -8  per  cent. 

It  should  be  added  here  that  the  substance  melted  at  100°  before 

drying,  and  at  187°  after  drying,  which  is  characteristic  of  oxalic  acid. 

The  residue  left  after  complete  removal  of  the  nitric  acid  and  acetic 
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acid  was  an  amorphous,  yellow  resin  :  from  this,  no  crystalline  sub- 
stance could  be  isolated. 

Picropodophyllin  was  found  to  yield  exactly  the  same  products  as 
podophyllotoxin  when  attacked  by  nitric  acid. 

Distillation  of  Podophyllotoxin  icith  Zinc  Dust. 

When  podophyllotoxin  is  mixed  with  a  large  excess  of  zinc  dust  and 
the  mixture  heated  to  redness  in  a  tube,  a  small  quantity  of  a  yellow 
oil  is  obtained ;  by  using  considerable  quantities  of  podophyllotoxin, 
enough  of  this  oil  was  finally  accumulated  for  analysis.  It  was  puri- 
fied by  'dissolving  in  ether,  and  after  shaking  with  dilute  alkali,  which 
removed  some  phenolic  substance,  the  ether  was  distilled  off,  the  last 
traces  being  removed  by  exposure  in  a  vacuum,  and  the  oily  residue 
distilled.  The  portion  boiling  between  256:  and  258'  (about  80  per 
cent,  of  the  product)  was  pale  yellow,  and  had  a  slight  phenolic  odour ; 
when  exposed  to  the  air  for  several  days,  it  darkened  and  somewhat 
resinified  ;  on  adding  picric  acid  to  its  ethereal  solution,  it  became  deep 
red  and  deposited  orange-red  crystals  melting  at  134=  (dimethyl- 
naphthalene  picrate  melts  at  136°). 

The  oil  gave  the  following  numbers  on  analy- 

0-1547  gave  0'5181  CO2and  0-1166  H.2O.     C  =  91-3  :  H  =  8'3. 
Dimethylnaphthalene  requires  C  =  92'2  :  H  =  7'69  per  cent. 

Picropodophyllin  also  furnishes  dimethylnaphthalene  when  distilled 

with  zinc  dust. 

The  Colouring  Matter. 

The  residue  left  after  removal  of  the  ether  from  the  ethereal  solu- 
tion obtained  from  the  resin  previously  extracted  by  chloroform  was 
treated  with  a  small  quantity  of  ether  to  remove  resinous  substances. 
The  residue  was  then  dissolved  in  hot  glacial  acetic  acid,  from  which, 
on  cooling,  it  crystallised  in  needles  ;  these  were  then  recrystallised 
from  ether  and  chloroform.  Prepared  in  this  way,  the  colouring  matter 
has  the  appearance  of  ordinary  quercetin,  and  agrees  with  it  in  pro- 
perties and  composition. 

Analysis  gave  the  following  numbers. 

0-1239  gave  0-2730  CO.,  and  0'042  H..O.     C  =  60-09  ;  H  =  3'71. 
0-1034     „     0-2293  CO]    „    0-034  H,O.     C  =  60-44 ;  H  =  3'46. 
C15H10OT  requires  C  =  59-6 ;  ~H  =  3-31  per  cent. 

A  compound  of  the  colouring  matter  with  sulphuric  acid  was  pre- 
pared according  to  the  method  described  by  A.  G.  Perkin  (Trans., 
1895,  67,  647),  the  addition  of  sulphuric  acid  to  a  saturated  solution 
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of  the  colouring  matter  in  hot  acetic  acid;  on  cooling,  this  solution 
deposited  rosettes  of  a  brilliantly  orange-coloured  compound.  These 
crystals  were  dried  on  a  porous  tile,  and  after  being  exposed  for  some 
time  in  a  vacuous  desiccator  to  remove  acetic  acid,  were  decomposed 
with  water,  and  the  amount  of  sulphuric  acid  liberated  determined  by 
titration. 

0-112  gave  sulphuric  acid  requiring  2'9  c.c.  N/5  soda  for  neutralisa- 
tion. S  =  8-1 9  per  cent. 

0-075  gave  sulphuric  acid  requiring  1-9  c.c.  N/5  soda  for  neutralisa- 
tion. S  =  8-11  per  cent. 

C15H1007,  H2SO4  requires  S  =  8'0  per  cent. 

The  colouring  matter  in  the  first  case  was  collected  on  a  tared  filter, 
washed,  dried  at  110°,  and  weighed. 

0-112  gave  0-0849  colouring  matter  =  75-8  per  cent.  C15H10Or,  H.,SO4 
requires  75-5  per  cent. 

Action  of  Acetic  Anhydride.  —  About  1  gram  of  the  colouring 
matter  was  heated  on  the  water  bath  for  about  2  hours  with  4 
c.c.  of  acetic  anhydride  and  some  anhydrous  sodium  acetate;  the 
mixture  was  then  poured  into  excess  of  water,  the  precipitate  collected, 
and  after  repeatedly  washing  with  water,  was  dissolved  in  hot  alcohol, 
the  solution  decolorised  with  charcoal,  and  set  aside.  On  cooling, 
the  substance  crystallised  out  in  silky  masses  of  long  needles,  which, 
after  recrystallisation  from  alcohol,  melted  at  192° ;  pentacetylquer- 
cetin  melts  at  192°. 

It  was  analysed  by  dissolving  it  in  a  mixture  of  sulphuric  and  acetic 
acids,  precipitating  with  water,  and  weighing  the  colouring  matter 
which  separated  on  cooling. 

0'1586  acetyl  derivative  gave  0'093  colouring  matter  =  58-65  per 
cent.  Acet}rlquercetin,  C15H507(CoH3O)0,  requires  58-98  per  cent. 

Action  of  Fused  Potash. — About  0'5  gram  of  the  colouring  matter 
was  heated  with  10  grams  of  potassium  hydroxide  dissolved  in  5  c.c. 
of  water  for  about  20  minutes.  The  dark  chocolate-brown  "  melt " 
was  dissolved  in  water,  neutralised  with  dilute  sulphuric  acid,  and 
extracted  with  ether ;  the  ethereal  solution  was  distilled,  the  residue 
dissolved  in  water,  and  after  the  solution  had  been  decolorised  with 
animal  charcoal,  lead  acetate  was  added,  and  the  white  precipitate  thus 
formed  was  collected,  decomposed  with  dilute  sulphuric  acid,  and  the 
mixture  extracted  with  ether.  The  ethereal  solution  deposited  colour- 
less crystals  melting  at  192°,  and  an  aqueous  solution  gave  a  green 
coloration  with  solution  of  ferric  chloride.  It  was  therefore  proio- 
catechuic  acid  (m.  p.  193°). 
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The  filtrate  from  the  lead  acetate  precipitate  was  mixed  with  dilute 
sulphuric  acid,  the  mixture  extracted  with  ether,  the  latter  distilled  off, 
and  the  residue  dissolved  in  water  :  this  solution  contained  phloro- 
glucinot,  as,  on  the  addition  of  hydrochloric  acid,  it  stained  a  pine 
shaving  a  deep  magenta  colour. 

Methylaiion  of  the  Cohnriit;/  Matter. — The  methylic  ether  of  the 
colouring  matter  was  obtained  by  boiling  a  solution  in  methylic 
alcohol  with  potash  and  methylic  iodide  for  about  15  hours  on  the 
water  bath  ;  the  excess  of  methylic  iodide  was  then  removed  by  dis- 
tillation, the  residue  boiled  with  benzene,  the  solution  filtered,  and  the 
benzene  distilled  off.  The  residue,  on  crystallisation  from  hot  methylic 
alcohol,  gave  a  mass  of  glistening,  yellow  needles  melting  at  156° ; 
quercetin  methyl  ether  melts  at  157°. 


™          Ace,.v, 
combustions.    *Tl™tlve. 

Potash  fusion      Methyl 
products.            ether. 

Composition  of 
H^SO., 
compound. 

Colouring  matter 
of  Podophyllum 
emodi 

Ci3H10O7 

m.  p.  192° 
col.  matt.  = 
58  '65   per 
cent. 

protocatechuic  m.  p.  156: 
acid  and  phlo- 
roglucinol 

S  =  8-19      per 
cent. 
coL    matter  = 
75  -S  per  cent, 
orange  rosettes 

Quercetin    (from 
quercitron  bark) 

Quftvfit 

m.  p.    192" 
col.  matt.  = 
58-98    per 
cent. 

protocatechuic  m.  p.  157 
acid  and  phlo- 
roglucinol 

S  =  8  per  cent, 
col.    matter  = 
75'5  percent, 
orange  rosettes 

This  experimental  evidence  leaves  no  doubt  that  the  yellow  colouring 
matter  of  the  rhizome  of  PodophyUum  emodi  is  quercf-tin. 

Professor  Hummel  kindly  undertook  to  ascertain  the  value  of  Podo- 
pliylhim  emodi  as  a  dye-stuff.  He  has  compared  it  with  quercitron 
bark  and  states  that  the  results  are  most  satisfactory.  It  is  therefore 
probable  that  this  plant  will  prove  to  be  of  commercial  value  as  a 
dye-stuff  and  as  a  source  of  the  dye  quercetin,  in  addition  to  podo- 
phyllin. 

PodophyUo-r- 

The  physiological  action  of  the  resin  left  after  exhaustion  of 
"  podophyllin  "  with  chloroform  and  with  ether  showed  that  it  still 
contained  some  substance  which  was  very  active  as  a  purgative,  al- 
though all  the  podophyllotoxin  had  been  removed.  The  only  solvent 
for  this  resinous  residue  was  alcohol,  and  by  fractional  precipitation 
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of  such  a  solution  with  water,  it  was  found  possible  to  separate  the 
residue  into  two  fractions,  one  a  soft,  transparent,  brownish-red  resin, 
and  the  other  a  black  powder  almost  insoluble  in  alcohol  and  contain- 
ing calcium  and  magnesium.  The  former  of  these  two  was  found  to 
be  active  as  a  purgative,  and  has  been  named  provisionally  podophyllo- 
resin,  whereas  the  latter  is  quite  inert.  All  attempts  to  isolate  a 
crystalline  substance  from  podophyllo-resin  failed,  and  as  it  was 
impossible  to  ensure  its  homogeneity,  attention  was  turned  to  its 
derivatives  in  the  hope  of  obtaining  some  crystalline  substance  which 
could  be  purified,  and  the  analysis  of  which  could  be  utilised  for  the 
determination  of  the  composition  of  the  active  resin. 

Action  of  Acetic  Anhydride  on  Podophyllo-resin. — About  0-5  gram  of 
resin  was  boiled  for  about  an  hour  with  acetic  anhydride  and  sodium 
acetate,  the  mixture  poured  into  excess  of  water,  allowed  to  stand  for 
some  hours,  and  the  precipitate,  after  being  collected  and  washed  with 
water,  was  dissolved  in  boiling  alcohol,  the  solution  decolorised  with 
animal  charcoal,  and  set  aside.  On  cooling,  a  white,  somewhat  gelat- 
inous, precipitate  formed  which  under  the  microscope  was  seen  to 
consist  of  rosettes  of  crystals ;  this  was  recrystallised  from  alcohol,  in 
which  it  is  sparingly  soluble  even  on  boiling.  The  recrystallised  sub- 
stance melted  at  1 98°  and  the  melting  point  was  not  altered  by  further 
recrystallisation . 

0-1328  gave  0-3023  C00  and  0-0667  H2O.     C  =  62-12  ;  H  =  5-57. 

0-1217    „     0-2787  COg    „    0-0560  H2O.     0  =  62-44  •  H  =  5-09. 

Mean  C  =  62-28;  H  =  5-33~  C16H18O0  requires  C  =  62'7;  H  =  5-8  per  cent. 

The  amount  of  acetic  acid  produced  on  hydrolysis  was  detei'mined. 
For  this  purpose,  after  a  weighed  quantity  had  been  boiled  with  N/10 
soda  solution  for  several  hours,  it  was  acidified  with  dilute  sulphuric 
acid,  and  the  acetic  acid  distilled  off. 

0-1251  acetyl  derivative  gave  0-0474  acetic  acid  =  38-6  per  cent. 
C12H10O4(C.,H3O)0  requires  39  "4  per  cent. 

The  resin  therefore  probably  has  the  formula  C12H19O4  or 
C12H1?02(OH)2. 

Action  of  Fused  Potash  on  Podophyllo-resin, — About  0-3  gram  of  the 
resin  dissolved  in  5  grams  of  potash  and  2  c.c.  of  distilled  water  was 
heated  for  half  an  hour;  the  melt  was  then  dissolved  in  water,  neutral- 
ised with  dilute  sulphuric  acid,  and  the  mixture  shaken  with  ether. 
The  ethereal  solution  was  distilled,  the  residue  dissolved  in  boiling 
water,  and  lead  acetate  solution  added;  the  white  precipitate  thus 
formed  was  decomposed  by  dilute  sulphuric  acid,  the  mixture  shaken 
with  ether,  and  the  ether  removed  by  distillation,  when  a  residue  was 
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obtained  which  became  crystalline  after  a  time.  This  residue,  when 
dissolved  in  water,  gave  a  green  coloration  with  ferric  chloride,  and 
therefore  contained  -protocatechu  i<:  acid,  but  the  recrystallised  residue 
melted  at  200"  (protocatechuic  acid  melts  at  193;).  It  was  therefore 
probable  that  some  other  substance  was  present,  and  in  order  to 
determine  what  this  was,  a  larger  quantity  (about  2  grams)  of  the 
resin,  which,  however,  was  not  quite  so  pure  as  the  specimen  first 
experimented  with,  was  fused  with  potash  ;  the  crystalline  residue  in 
this  case  was  separated  into  two  fractions,  one  melting  at  210'  and 
the  other  at  192*  (protocatechuic  acid).  Enough  of  the  former  could 
not  be  obtained  for  analysis,  but  the  melting  point,  and  the  fact 
that  it  gives  no  coloration  with  ferric  chloride  solution,  and  is  pre- 
cipitated by  bromine  water,  makes  it  probable  that  it  is  parahydroxy- 
benzoic  acid  (m.  p.  210").  The  presence  of  this  substance  has  already 
been  noted  among  the  products  of  the  decomposition  of  podophyllin 
by  fused  potash  (Guareschi,  Ber.,  1879,  12,  683). 


Constituents  of  Podophyllum 

The  whole  of  the  work  described  above  in  connection  with  Podo- 
phyllum emodi  has  been  repeated  with  the  rhizome  of  Podophyllum 
peltatum.  The  constituents  of  the  two  plants  are  identical,  but  the 
proportions  in  which  they  occur  differ  considerably.  Thus,  estimation 
of  the  amount  of  the  crude  substance  "  podophyllin  "  contained  in  the 
two  rhizomes  shows  that  the  American  rhizome  may  contain  from  4 
to  6  per  cent,  and  the  Indian  rhizome  from  10  to  12  per  cent.  These 
results  are  referred  to  in  the  last  section  of  the  paper. 

Constitution  of  Podophyllotoxin,  Picropodophyllin  and 
Podophyllic  Acid. 

The  facts  which  have  been  recorded  make  it  possible  to  discuss  the 
constitution  of  podophyllotoxin,  picropodophyllin  and  podophyllic 
acid.  There  is  little  doubt  that  podophyllotoxin  and  picropodophyllin 
are  isomerides,  and  that  the  latter  is  the  lactone  or  anhydride  of  podo- 
phyllic acid,  into  which  it  has  been  converted  and  from  which  it  has 
been  obtained.  It  has  been  shown  that  podophyllotoxin,  when  dis- 
solved in  alkalis,  passes  into  a  salt  of  this  acid,  and  that  on  heating 
this  acid  picropodophyllin  is  produced,  which  reverts  to  the  acid  again 
when  dissolved  in  alkalis.  There  is  no  evidence  to  show  that  podo- 
phyllotoxin changes  into  picropodophyllin  before  it  passes  into  the 
acid,  although  this  may  be  suggested  as  highly  probable,  since  picro- 
podophyllin, and  not  podophyllotoxin,  is  formed  when  the  acid  is 
dehydrated.  The  nature  of  the  isomerism  of  podophyllotoxin  and 
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picropodophyllin  is  at  present  obscure  ;  the  chief  difference  between 
the  two  compounds  is  that  podophyllotoxin  is  Ifevorotatory,  whilst 
picropodophyllin  is  optically  inactive  ;  podophyllic  acid  is,  however, 
like  podophyllotoxin,  Isevorotatory. 

The  principal  facts  which  must  be  represented  by  any  structural 
formula  for  podophyllotoxin  are,  (1)  the  composition  expressed  by  the 
empirical  formula  C15H14O6,  (2)  the  optical  activity,  (3)  the  existence 
of  two  methoxyl  groups,  (4)  the  hydration  by  alkalis  producing  an 
unstable  acid,  (5)  the  formation  of  a  monobromo-derivative,  (6)  the 
production  of  orcinol  and  acetic  acid  on  fusion  with  potash,  (7)  the 
production  of  oxalic  acid  on  oxidation  with  nitric  acid.  We  believe 
that  these  facts  are  satisfactorily  represented  if  podophyllotoxin  and 
its  congeners  are  regarded  as  the  derivatives  of  a  hydrogenated 
pyronecarboxylic  acid.  It  appears  highly  probable  that  podophyllic 
acid  is  the  carboxylic  acid  of  a  dimethoxymethyl-phenylhydro-y-pyrone, 
of  which  picropodophyllin  is  the  lactone,  whilst  podophyllotoxin  must 
have  a  very  similar  constitution  ;  possibly  it  is  an  optically  active  form 
of  the  racemic  lactone.1  We  therefore  propose  the  following  formulae 
for  these  substances. 

OH   con  -° 


0—  c  B. 


CH0/    NOCH  CH0<     NOCH 


3 


CH,  CH, 

o  A 

Podophyllic  acid.  Picropodophyllin. 

Since  quercetin  accompanies  podophyllotoxin  in  the  plant,  it  is 
interesting  to  recall  the  fact  that,  according  to  Herzig  and  others, 
quercetin  is  also  a  derivative  of  a  phenylated  y-pyrone. 


Estimation  of  "  Podophyllin  "  and  "  Podophyllotoxin  "  in 
P.  emodi  and  P.  peltatum. 

Podophyllin. — As  the  rhizome  of  podophyllum  is  chiefly  used  for  the 
preparation  of  Resina  podopliylli  (podophyllin),  the  estimation  of  the 
amount  of  resin  in  the  rhizome  is  of  some  commercial  importance. 

1  The  information  accumulated  since  the  paper  was  published,  and  especially 
the  syntheses  by  Kostanecki  and  others  of  7-pyrone  derivatives,  show  that  the 
comparatively  great  stability  of  podophyllotoxin  and  its  isomeride,  and  the  fact 
that  they  are  colourless,  are  not  altogether  consistent  with  the  constitution  we 
have  assigned  to  them  in  this  paper.  We  propose  shortly  to  return  to  the 
investigation  of  the  precise  nature  of  the  side  chain  in  these  compounds. 
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The  process  of  estimation  used  consisted  in  taking  a  weighed  portion 
of  the  powdered  rhizome,  extracting  this  in  a  Soxhlet  percolator  with 
boiling  absolute  alcohol,  evaporating  the  percolate  to  a  thin  syrup, 
adding  excess  of  water,  and  allowing  the  precipitated  resin  to  settle. 
The  water  was  then  poured  off,  the  process  being  repeated  until  the 
water  ceased  to  extract  any  sugar.  The  resin  was  then  dried  at  100* 
and  Aveighed. 

The  following  is  a,  tabular  statement  of  the  amounts  of  resin  con- 
tained in  samples  derived  from  different  districts  of  the  Punjab. 

District.  Percentage  of  resin. 

Kulu 9-55 

Bashahr 9 '00 

,-„       ,       I  Mature  roots  .   11-12 

Chainba    . 

[  Young  roots .         .         .   12 '03 
Hazara 9'06 

Estimations  of  resin  in  four  specimens  of  the  rhizome  of  Podophyllum 
peltat.um  gave  respectively  4-17  per  cent.,  5'2  per  cent.,  o-4  per  cent., 
5'2  per  cent.  Dymock  and  Hooper  (Joe.  cit.)  found  10  per  cent,  of 
resin  in  the  Indian  rhizome,  and  Umney  (toe.  cit.)  12  per  cent. 

Podophyllotoxin. — An  attempt  was  first  made  to  estimate  directly 
the  amount  of  podophyllotoxin  in  podophyllum  rhizome  by  percolation 
with  suitable  solvents,  but  this  had  to  be  aluandoned  owing  to  the 
difficulty  of  purifying  the  material  without  loss. 

The  conversion  of  podophyllotoxin  into  its  very  insoluble  and  easily 
purified  isomeride  picropodophyllin  next  suggested  itself  as  an  indirect 
method  of  estimation,  and  preliminary  experiments  showed  that  by 
taking  a  weighed  quantity  of  podophyllotoxin  and  converting  it  into 
picropodophyllin  by  treatment  with  lime,  98  per  cent,  of  the  amount 
taken  could  be  recovered  in  the  form  of  picropodophyllin. 

The  process  finally  adopted  is  carried  out  as  follows.  A  weighed 
quantity  of  the  ground  rhizome  dried  at  100'  is  mixed  with  lime, 
and  the  mixture  percolated  with  chloroform  in  a  Soxhlet  extraction 
apparatus ;  the  residue  left  on  evaporating  the  chloroform  solution  to 
dryness  is  dissolved  in  absolute  alcohol,  the  solution  made  into  a  thin 
paste  with  slaked  lime,  and  the  whole  evaporated  to  complete  dryness ; 
more  alcohol  is  then  added,  and  the  process  repeated.  The  dried 
residue  is  then  mixed  with  absolute  alcohol,  the  mixture  boiled  and 
filtered  through  a  jacketed  funnel :  the  filter  paper  containing  the 
residue,  after  being  allowed  to  dry  somewhat,  is  packed  into  an 
extraction  apparatus,  percolated  with  alcohol,  and  the  percolate  mixed 
with  the  original  alcoholic  filtrate  :  the  mixed  liquids  are  then  evapor- 
ated to  dryness,  in  a  tared  dish  and  the  residue  of  picropodophyllin 
II.  C 
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weighed.  This  residue  is  almost  colourless  and  is  usually  well  crystal- 
lised, but  contains  a  small  quantity  of  calcium  podophyllate  due  to 
incomplete  dissociation  of  the  salt  during  the  drying  of  the  chloroform 
extract  with  lime.  On  incineration,  the  residue  gives  on  an  average 
about  1  per  cent,  of  calcium  oxide,  but  as  this  is  responsible  for  only 
a  very  small  error  in  an  estimation,  it  may  be  neglected. 

The  following  table  includes  the  results  of  a  series  of  estimations 
of  podophyllotoxin  in  Indian  and  American  podophyllum,  and  for 
convenience  of  comparison  the  percentages  of  resin  (podophyllin)  are 
also  given. 


Quantity  of 

Percentage  of 

District  yielding 

rhizome 

podophyllotoxin 

Percentage  of 

the  specimens. 

used. 

found. 

resin  found. 

Kulu     . 

11-92  grams     2-8 

9-55 

15-17 

2-9 

Bashahr 

32-46 

3-5 

9-00 

27-12 

3-6 

Chamba 
Young  roots 

f  10-97 
\  13-46 

5-17) 
„         5-3    / 

12-03 

Podophyllum 

emodi. 

Old  roots    . 

/    9-81 

„      j;7  ] 

11-12 

\  10-59 

4-51  J 

Hazara  . 

11-6 

2-9 

9-06 

14-5 

3-08 

j 

United    States    of 

11-35 

0-77 

5-2    ^ 

America 

12-02 

0-82 

1  Podophyllum 

23-55\ 
22-6    / 

0-99 

4-17   \    peltatum. 

Taking  the  average  yield  of  resin  and  of  crystallised  podophyllotoxin 
from  the  rhizome  of  Podophyllum  emodi  to  be  10  per  cent,  and  3*5  per 
cent,  respectively,  the  amount  of  podophyllotoxin  in  podophyllin  from 
the  Indian  drug  must  be  about  38  per  cent.,  whilst  that  contained  in 
American  podophyllin  is  only  about  20  per  cent.,  although  in  extracting 
podophyllotoxin  itself  from  the  plant  nothing  like  this  quantity  is 
obtained,  owing  to  the  difficulty  experienced  in  purifying  it  from  the 
viscous  resinous  substances  also  removed  by  the  solvents.  Although 
there  is  a  difference  of  nearly  20  per  cent,  in  the  amount  of  podophyl- 
lotoxin contained  in  the  podophyllin  from  these  two  sources,  it  is 
remarkable  that  they  differ  comparatively  little  in  ph}'siological 
activity,  a  fact  which  supports  the  view  that  podophyllotoxiii  cannot 
be  regarded  as  the  only  active  constituent  of  the  resin. 

Since  the  Indian  resin  contains  more  podophyllotoxin  than  the 
American,  it  behaves  somewhat  differently  when  warmed  with  alkalis, 
owing  to  the  larger  amount  of  the  insoluble  picropodophyllin  which  is 
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formed  and  crystallises  out.  The  test  of  the  British  Pharmacopoeia, 
which  requires  podophyllin  to  be  soluble  in  aqueous  ammonia,  there- 
fore needs  modification.  In  preparing  the  ammoniacal  tincture  from 
the  Indian  or  American  resin--,  the  mixture  .should  not  be  heated. 


Th<:  Physiological   A<-f'»>n   "/"/    Therapeutic   Properties 

of  Podophyllin,  with  Special  Reference  to 

Indian  Podoph  yllu  / . ! 

By   HECTOR  W.  G.  MACKEXZIF,  M.A..  M.D.  (Cantab),  F.R.C.P.  (London), 
-:~tant  Physician,   St.   Thomas's  Hospital ;  and  WALTER   E.  Dixox, 
B.Sc.,   M.B.   (London),  D.P.H.  (Cantab),   Salters'   Company's    Research 
Fellow,  St.  Thomas's  Hospital,  London. 

AT  Professor  Dunstan's  suggestion,  we  have  investigated  the  physio- 
logical and  therapeutic  effects  of  Indian  podophyllin  and  its  constitu- 
ents, in  connection  with  the  chemical  examination  of  this  plant  which 
he  has  undertaken  at  the  request  of  the  Government  of  India. 

The  genus  PodophyUum  comprises  two  species,  the  American  variety, 
P.  pfli.atum — alone  recognised  by  the  British  Pharmacopceia  at  the 
present  time — and  the  Himalayan,  P.  <?//• 

P.  jjeJfatum.  or  May-apple,  grows  in  the  Northern  and  Middle  United 
States.  P.  emodi  grows  abundantly  in  Northern  India,  inhabiting 
the  shady  valleys  in  the  inner  ranges  of  the  Himalayas,  being  particu- 
larly prevalent  in  Cashmere  and  Runawin,  and  is  a  plant  which 
can  be  cultivated  with  ease.  It  is  said  to  be  one  of  the  bile-expelling 
plants  of  Sanskrit  writers,  and  has  been  mentioned  in  the  Indian 
Pharmacopceia  as  a  possible  source  of  podophyllin. 

Although  it  is  now  some  thirty-five  years  since  P.  p^tatnm  was 
introduced,  the  first  communication  of  importance  on  the  subject  of 
its  chemical  constitution  and  physiological  action  was  made  by  Podwvs- 
sotski  ("  Pharmakologische  Studien  ueber  PodophyUum  pdfn.tum" 
Pharm.  Jour,!.,  and  Trait-*.,  London  [iii],  12,  pp.  12,  217,  1011  :  An-h. 
f.  exper.  Path.  u.  Pho.rmakoL,  Leipzig,  Bd.  xiii.  8.  40)  as  recently  as 
He,  starting  with  podophyllin  from  P.  pdfatuni — prepared  by 
precipitating  the  resin  from  the  alcoholic  extract  of  the  rhizome  by 
means  of  the  addition  of  water — isolated — 

1.  A  colourless  amorphous  substance,  sparingly  soluble  in  water, 
but  readily  in  spirit,  and  very  active,  1  to  5  mgrms.  killing  a  cat 
(podophyllotoxin).  He  obtained  from  this  substance  as  well  as  from 

1  Reprinted  from  the  Edinburgh  Medical  Journal,  j\'or.  1898. 
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the  resin  two  further  bodies — («)  A  crystalline,  very  bitter  substance, 
insoluble  in  water,  and  found  by  him  to  be  physiologically  inactive 
(picropodophyllin) ;  (b)  a  substance  readily  soluble  in  hot  water,  which 
he  called  picropodophyllic  acid. 

He  further  considered  that  podophyllotoxiii  was  a  combination  of 
picropodophyllin  with  picropodophyllic  acid. 

2.  Podophylloquercitin. 

3.  Green  oil  and  a  crystalline  fatty  acid,  both  of  which  are  inert. 
Kursten  (Arch.  d.  Pharm.,   1891,  S.   229,  220-248)  amplified  this 

work,  and  showed  that  picropodophyllin  and  podophyllotoxin  were 
isomeric. 

Umney  (Pharm.  Journ.  and  Trans.,  London  [iii],  23,  207),  working 
with  P.  emodi,  prepared  from  the  resin  substances  similar  to  those 
prepared  by  Podwyssotski  from  P.  peltatum.  He  stated  that  the 
amount  of  resin  obtained  from  the  rhizome  of  P.  emodi  is  about  twice 
as  great  as  from  P.  pchatum,  and  that  this  resin  yields  about  25  per 
cent,  more  amorphous  podophyllotoxin,  but  only  half  the  quantity 
of  picropodophyllin ;  and  he  further  concludes  that  the  resin  from  P. 
peltatum  is  more  active  than  that  from  P.  emodi,  and  that  picropo- 
dophyllin is  the  active  principle.1  Dunstan  and  Henry  (Trans. 
Chem.  Soc.  London,  1898.  p.  209  ;  also  this  vol.,  p.  1),  in  a  paper  on 
Indian  and  American  podophyllin,  have  shown  that  the  constituents 
of  the  two  resins  are  identical. 

They  prepared  a  crystalline  podophyllotoxin,  Cir)HuO(;,  2H0O,  which, 
on  treatment  with  aqueous  alkalis,  becomes  converted,  first  into  a 
gelatinous  acid,  podophyllic  acid,  and  subsequently  into  picropo- 
dophyllin, the  isomeride  of  podophyllotoxin.  Quercitin,  and  a  non- 
crystallisable  resin,  podophyllo-resin,  were  also  prepared  by  the  same 
authors. 

The  investigations  of  Dunstan  and  Henry  have  shown  that  podo- 
phyllin consists  of — 

1.  Podophyllotoxin. 

2.  Quercitin  (identical  with  ordinary  quercitin  from  quercitron  bark). 

3.  A  residual  resin ;  by  dissolving  this  in  alcohol  and  fractionally 
precipitating  with  water,  two  resins  were  obtained — (a)  Podophyllo- 
resin  (an  active  purgative) ;  (b)  a  non-purgative  resin. 

4.  Fatty  matter. 

The  following  table  shows  the  proportions  of  resin  in  rhizome  and 
of  podophyllotoxin  and  quercitin  in  resin,  according  to  Dunstan  and 
Henry,  and  Umney — 

1  Umney  states  that  picropodophyllin  is  not  active  unless  rendered  soluble, 
which  end  is  attained  in  the  rhizome  by  its  combination  with  podophyllie  acid, 
which  combination  Podwyssotski  calls  podophyllotoxin. 
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P.  emodi. 

P.  pfltatv.m. 

Percentage 

of  resin    from    powdered 

rhizome 

(Dunstan  &  Henry) 

9-12  per  cent. 

4-5  per  cent. 

Do. 

do.             .      (Umnev) 

11-4 

5-9 

Percentage   of    podophyllotoxin     and 
queivitin  in  resin  (Dunstan  &  Henrv) 

2-5         .. 

1                   » 

Do. 

do.             .      (Umney) 

1-3          „                         2-4      „ 

We  have  examined  a  very  large  number  of  different  preparations  of 
Indian  and  American  podophyllin  and  their  derivatives,  but  only  the 
more  important  results  have  been  embodied  below.1  The  substances 
employed  were  supplied  by  Professor  Dunstan.  They  were  labelled 
according  to  a  code,  of  which  the  key  was  only  furnished  when  our 
observations  were  completed,  and  were  prescribed  without  any  know- 
ledge as  to  whether  one  preparation  would  prove  more  active  than 
another.  It  was  thought  that  in  this  way  the  results  would  be  more 
reliable  than  if  we  started  with  any  preconceived  ideas  as  to  what  we 
were  to  expect. 

The  examination  was  conducted — first,  physiologically,  on  animals, 
the  more  important  results  being  subsequently  verified  on  a  healthy 
man  :  and.  second,  therapeutically,  in  the  treatment  of  patients  suffering 
from  chronic  constipation. 

We  desire  to  express  our  thanks  to  Dr.  Brodie,  Lecturer  on  Physi- 
ology at  St.  Thomas's  Hospital,  for  much  valuable  advice  on  the 
physiological  side  of  the  subject. 

RESIN. — Samples  of  the  two  resins  from  P.  emodi  and  P.  peltatum 
respectively  were  first  subjected  to  comparison,  with  the  result  that, 
weight  for  weight,  the  resin  from  P.  emodi  was  found  to  be  a  decidedly 
more  active  substance  than  the  American  variety. 

One  gr.  of  the  resin  of  P.  peltatum  is  physiologically  somewhat  lt--s 
active  than  ^  gr.  of  P.  emodi  resin.  The  physiological  effects  of  the 
two  resins  are  the  same,  except  that  the  Indian  resin  is  more  irritant 
to  the  stomach,  vomiting  being  produced  more  frequently  in  animals 
than  is  the  case  with  the  American  resin.  It  will  be  noted  that  the 
important  difference  in  the  physiological  activity  of  the  two  resins 
observed  by  us  disproves  Umney's  statement,  that  the  peltatum-resin 
is  the  more  active.  Umney  does  not  record  the  number  and  nature 
of  the  observations  on  which  his  statement  is  founded,  and  as  it  was 
thought  that  he  might,  have  had  an  accidentally  inactive  sample,  some 

1  To  Mr.  Morris,  then  assistant  pharmaceutist  at  St.  Thomas's  Hospital,  we 
are  indebted  for  many  pharmaceutical  preparations. 
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experiments  were  made  with  his  original  emodi-resin,1  and  verified  our 
previous  results  :  1  gr.  of  this  resin  produced  such  effect  on  one  of  us  as 
for  a  time  to  cause  motions  every  half-hour,  attended  with  severe  griping, 
although  1  gr.  of  the  peltatum-resin  produced  only  a  moderate  result. 

When  used  therapcutically,  the  resins  were  dissolved  in  aromatic 
spirits  of  ammonia  and  were  combined  with  small  closes  of  belladonna 
and  nux  vomica,  in  order  to  prevent  griping  and  to  assist  the  action. 
The  remedy  was  chosen  in  cases  of  chronic  constipation,  and  in  all 
cases  was  tried  over  a  considerable  period.  The  following  comparative 
table  will  show  the  action — 


Single 

Dose  at  Night. 

F.  pel  tat  nni. 

P.  cmodi. 

Satisfactory. 

Not 

Satisfactory. 

Satisfactory. 

Not 
Satisfactory. 

i-1  gr 

0 

4 

3 

4 

G~3      J> 

. 

3 

2 

4 

4a 

T?      » 

(child)      . 

2" 

— 

1 

— 

Dose  given  Three  Times 
a  Day. 

-«-5    gl 

— 

— 

2 

4 

AH  M 

2 

1 

2 

3 

jWir>» 

I4 

1 

— 

— 

(child)      . 

— 

— 

1 

— 

It  will  be  seen  that,  while  neither  form  of  resin  can  be  depended  on 
to  relieve  the  bowels  in  cases  of  chronic  constipation,  the  emodi-resin 
was  on  the  whole  the  more  satisfactory.  While  in  none  of  the  three 
cases  in  which  J-  to  1-gr.  doses  of  peltatum-resin  were  given  did  the 
remedy  act,  it  acted  in  three  out  of  seven  cases  in  which  similar  doses 
of  emodi-resin  were  given. 

With  the  smaller  doses,  whether  given  once  or  three  times  a  day, 
the  result  with  the  two  resins  was  very  similar.  In  only  one  of  the 
cases,  and  that  a  case  where  the  peltatum-resin  was  given,  was  there 
any  complaint  of  griping. 

PODOPHYLLOTOXIN  (Crystalline}. — This  substance,  administered  in 
small  doses,  is  an  active  purgative,  whilst  if  the  dose  is  increased  the 

1  Kindly  provided  us  by  Mr.  E.  M.  Holmes. 

-  In  one  of  these  cases  the  bowels  acted  well  at  first,  but  not  later. 

3  In  one  of  these  cases  the  bowels  acted  too  much  in  a  few  days. 

4  In  this  case  the  bowels  became  too  loose, 
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purging  is  preceded  by  vomiting.  The  administration  of  large  doses 
in  dogs  gives  rise  in  from  a  half  to  one  and  a  quarter  hours  to  vomit- 
ing. This  is  rarely  very  severe  or  prolonged,  and  is  followed,  generally 
after  the  passage  of  a  normal  motion,  by  diarrho?a.  Should  the  dose 
have  been  sufficiently  large,  acute  enteritis  is  set  up,  and  usually 
terminates  in  collapse  and  death.  The  motions  become  more  and  more 
frequent,  and  soon  begin  to  contain  a  little  blood,  and,  before  the  stage 
of  collapse  is  reached,  consist  of  little  more  than  glairy  mucus  and 
blood.  Intra-peritoneal  injection  of  the  alcoholic  solution  produced 
effects  similar  to  those  following  administration  by  the  mouth,  in  from 
two  to  three  hours,  vomiting  occurring  as  l>efore  when  the  dose  reached 
a  certain  amount.  Xo  pain  or  inconvenience  of  any  kind  to  the 
animal  accompanies  this  form  of  administration. 

When  given  by  subcutaneous  injections,  the  drug  exerts  its  specific 
effect  (diarrhrea,  etc.)  equally  well ;  but  some  inconvenience  is  felt  at 
the  seat  of  injection,  which  occasionally  is  followed  by  necrosis  of  the 
skin  and  ulceration. 

It  is  interesting  to  note  that  the  external  irritant  effects  of  podo- 
phyllin,  in  the  form  of  skin  eruptions  and  conjunctivitis,  have  been 
sometimes  observed  in  those  engaged  in  powdering  the  res}n. 

Spindler l  states  that-  the  podophyllotoxin  of  Podwyssotski  acts  as  a 
powerful  reducing  agent  on  the  blood,  and  that  under  its  influence 
oxy hemoglobin  is  converted  into  met  hemoglobin.  We  have  en- 
deavoured both  to  recognise  this  substance  in  the  blood  of  animals 
after  a  lethal  dose  of  podophyllotoxin,  and  also  to  prepare  it  artificially 
outside  the  Ixxly  from  fresh  blood  and  podophyllotoxin,  but  in  each 
case  without  suctv— . 

In  a  few  cases,  after  the  administration  of  large  doses,  certain 
muscular  effects  were  observed  :  the  animal  became  generally  rigid,  but 
especially  in  the  hind  limbs.  Its  movements  were  characterised  by 
stiffness  and  ataxia,  the  legs  l>eing  held  widely  apart,  as  a  result  of  the 
latter.  This  stage  was  followed  by  one  of  convulsions,  the  movements 
being  especially  noticeable  in  the  head,  which  showed  constant  twitch- 
ings;  the  pupils,  generally  dilated,  acted  badly  to  light:  reflexes 
poorly  marked  and  sensation  blunted,  and  in  one  case  spasm  of  the 
glottis  resulted.  This  general  condition,  which  seems  purely  muscular, 
comes  on  when  the  gastro-intestinal  symptoms  have  abated,  and  only 
after  the  administration  of  large  doses.  It  occurs  in  but  a  few  cases, 
probably  because  a  dose  sufficient  to  produce  this  effect  is  also  generally 
sufficient  to  produce  an  acute  enteritis,  necessitating  the  death  of  the 
animal  by  artificial  means. 

The  ]x>st-mortem  examination   of   animals   killed    with    chloroform, 
1  These  de  Yourieff,  1893. 
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some  hours  after  the  introduction  of  a  lethal  dose  of  podophyllotoxin, 
shows  a  normal  stomach,  except  in  a  few  cases,  when  an  exceptionally 
large  dose  produced  patchy  congestion.  The  small  intestine  shows 
signs  of  acute  inflammation,  beginning  a  few  inches  below  the  pyloric 
end  of  the  stomach,  and  extending  a  variable  distance  downwards. 
The  mucous  membrane  is  intensely  red  and  swollen,  and  some  shedding 
of  the  epithelium  and  occasionally  small  ulcers  the  size  of  a  threepenny- 
piece  have  been  observed.  Peyer's  patches  are  swollen  and  well 
marked.  This  inflammation  never  extends  beyond  the  ileo-cpecal  valve, 
and  in  the  majorit}^  of  cases  it  is  confined  to  the  upper  10  or  12  in.  of 
the  small  intestine. 

There  is  a  general  congestion  of  all  abdominal  organs.  Peritoneum 
normal.  Kidneys  show  intense  hypercemia.  The  cortex  is  swollen, 
and  of  a  greyish-red  compared  with  the  vivid  red  of  the  medulla. 
The  epithelium  of  the  tubules  is  in  a  condition  of  cloudy  swelling,  and 
there  is  some  shedding  of  cells. 

Occasional  haemorrhages  into  the  glomeruli  and  tubes,  and  a  general 
distension  of  the  capillaries,  are  also  present.  Liver  congested.  Gall 
bladder  empty,  probably  as  a  result  of  contraction  of  the  abdominal 
muscles  in  defecation. 

In  one  case  haemorrhages  into  the  bladder  wall  were  produced, 
together  with  signs  of  cystitis. 

Redness  of  the  trachea  resulted  in  two  cases. 

Precisely  similar  appearances  in  every  respect  are  observed  when  the 
drug  is  administered  by  injection. 

An  investigation  of  the  action  of  two  commercial  samples  of 
Podwyssotski's  amorphous  podophyllotoxin,  prepared  by  German  firms, 
showed  that  it  gave  rise  to  effects  identical  with  those  of  the  crystalline 
form. 

The  therapeutic  effect  of  the  drug  can  be  seen  at  a  glance  in  the 
following  table.  The  patients  in  each  case  were  suffering  from  chronic 
constipation. 


Dose  of  Podophyllotoxin. 

Satisfactory. 

Non-satisfactory. 

(Dunstan)  •§-£  gr.  (single  close  at  night) 

2 

1 

(Podwyssotski)  *-•§  gr.           ,,           ,, 

2 

1 

(Dunstan)  T,VV  t.d.s  

3 

3 

(Podwyssotski)  £,  t.d.s  

~ 

l 

1  This  patient  took  the  ^-gr.  dose  three  times  a  day  by  mistake,  she  being 
ordered  the  dose  only  once  a  day.  She  found,  however,  that  although  the  action 
of  the  bowels  was  much  improved,  she  was  affected  by  vomiting  in  the  morning, 
and  had  to  diminish  the  dose. 
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Both  the  crystalline  and  the  amorphous  podophyllotoxin  acted  on 
the  -whole  with  more  certainty  than  podophyllin  itself.  The  necessary 
dose  of  podophyllotoxin,  however,  appears  to  be  almost  as  large  as 
that  of  the  resin,  and,  as  in  the  case  of  the  resin,  doses  not  exceeding 
i  gr.  act  better  than  larger  doses.  In  three  cases  doses  of  1  gr.  were 
given  :  one  patient  reported  she  always  vomited  ten  minutes  after 
taking  the  medicine  :  in  the  other  two  it  had  little  or  no  purgative 
action,  and  upset  digestion  in  one  of  these. 

One  patient  was  given  H  grs.  of  this  crystalline  podophyllotoxin: 
this  large  dose  acted  satisfactorily  on  the  bowels,  but  gave  rise  to  pair, 
although  there  was  no  vomiting. 

TYPICAL  EXPERIMENTS  ILLUSTRATING  THE  EFFECTS  OF  PODOPHYLLO- 
TOXIN.— 

EXPERIMENT  1.— Cat,  full-grown  male  ;  weight,  2'197  kilos.  Given  -|  gr. 
crystalline  podophyllotoxin  by  mouth,  10  A.M. 

11  A.M. — Vomited  twice. 

12  A.M. — Lying  down  and  refusing  food. 

1  P.M.— Passed  solid  fceces,  and  directly  afterwards  a  fluid  evacuation,  light 
yellow  in  colour. 

3  P.M. — Another  diarrhoea  stool.     Very  thirsty. 
Next  day  animal  quite  normal. 

EXPERIMENT  2. — Injection,  |  gr.  podophyllotoxin  into  body  cavity  of  full- 
grown  male  cat,  weight,  2'15  kilos.,  at  12  A.M. 

2  P.M. — Cat  very  uneasy,  vomited  twice. 

2.30  P.M. — Semifluid  evacuation  of  bowels  passed. 

3  P.M. — Purging  incessant,  motions  quite  fluid,  and  stained   at   first  with 
bile. 

4  P.M. — Evacuations  consist  now  of  little  more  than  a   very  fluid,  blood- 
stained mucus.     Respirations  laborious.     Heart,  180,  irregular  and  feeble. 

4.30  P.M. — Animal  killed  with  chloroform. 

Post-mortem. — Small  intestine  shows  marked  inflammation,  beginning  2-i-  in. 
from  pyloric  end  of  stomach,  and  extending  to  within  12  in.  of  ileo-caecal  valve. 
The  inflammation  is  patchy  near  the  pylorus,  but  continuous  lower  down  the 
gut.  The  mucous  membrane  is  swollen,  intensely  red,  and  covered  with  a 
gelatinous  blood-stained  mucus.  Stomach  normal,  gall-bladder  empty.  Con- 
gestion of  the  abdominal  organs,  especially  kidneys.  Peritoneum  normal. 

EXPERIMENT  3.— Cat,  of  weight  1'712  kilos.  Administered  i  gr.  podophyllo- 
toxin, 10.45  A.M.  (mouth). 

12.40  P.M. — Vomited  three  times. 

3  P.M. — Diarrhoea  marked. 

4  P.M. — Seems   disinclined    to   move.     Very  difficult    to  rouse,  and    will 
remain  in  any  position  in  which  it  is  placed.     All  the  muscles  are  twitching 
irregularly  in  a  very  marked  manner,  the  twitchings  being  well  brought  out 
by  a  tap.     Sensation  blurred,  and  pinching  the  tail   elicits  little  response. 
Extreme  rigidity,  especially  in  hind-quarters.     Reflexes  present,  and  appeal- 
unaltered.     Pupils  dilated,  and  hardly  react  to  light.     Heart,  210  ;  respira- 
tion, 44. 

This  general  condition  had  passed  off  next  morning,  and  the  animal 
appeared  well,  eating  and  drinking  normally. 
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EXPERIMENT  4.— Terrier;   weight,   4-023  kilos.     Injected  subcutaneously 
with  f  gr.  alcoholic  solution  of  podophyllotoxin,  10  A.M. 
10.45  A.M. — Vomiting. 

11.15  A.M. — Diarrhoea  well  marked,  and  later,  traces  of  blood  can  be  seen. 
No  subsequent  ulceration  at  seat  of  injection.     Animal  normal  next  day. 

EXPERIMENT  5.— Healthy  man  ;  weight,  11  st.  ;  subcutaneously  injected  in 
the  left  arm  with  |-  gr.  podophyllotoxin  (alcoholic  solution),  12  A.M.  Next 
morning  the  whole  arm  was  swollen,  red,  and  cedematous,  and  necrosis  of 
tissue  had  occurred  round  the  seat  of  injection,  resulting  in  the  formation  of 
an  ulcer,  effectually  forbidding  further  experiments  in  this  direction. 

PICROPODOPIIYLLIX. — This  substance  is  isorheric  with  podophyllo- 
toxin,  but  it  should  bo  clearly  understood  that  it  is  not  contained  in 
the  plant. 

The  physiological  effect  on  cats  and  dogs  was  nil  in  doses  up  to 
|  gr.,  although  in  one  case  i  gr.  was  sufficient  to  produce  a  slight 
purgative  effect  in  a  medium-sized  cat.1  A  sample  of  Umney's  picro- 
podophyllin  likewise  failed  to  produce  any  result  in  doses  up  to  t  gr. 

Subcutaneous  and  intra-peritoneal  injections  produced  negative 
results,  except  for  some  irritation  at  the  seat  of  subcutaneous  injection. 
The  irritant  action  of  this  substance  was  also  shown  accidentally  in  a 
cat,  which  inhaled  some  of  the  drug  and  subsequently  died  from 
pneumonia. 

Purgative  results  may  occur  after  very  big  doses.  Physiologically, 
then,  this  substance  is  irritant,  but  has  little  useful  activity  unless 
given  in  very  large  doses. 

Therapeutically,  picropodophyllin  was  given  at  night  in  three  cases 
of  chronic  constipation,  in  from  -5-  to  -J-gr.  doses,  in  alcoholic  solution, 
and  was  said  to  act  satisfactorily  in  two.  The  discrepancy  here  may 
possibly  be  the  result  of  the  fact  that,  when  the  drug  was  used 
therapeutically,  it  was  given  in  solution,  and  not  as  a  pill.  It  is 
certain,  however,  that  the  physiological  action  does  not  always  coincide 
with  the  therapeutic,  and  just  as  a  smaller  dose  of  podophyllin  may 
be  effective  therapeutically  when  a  larger  fails,  so  a  comparatively 
inactive  substance  physiologically,  such  as  picropodophyllin,  may  pro- 
duce an  effect  in  the  diseased  condition  when  a  more  active  substance 
would  fail. 

PODOPHYLLIC  ACID. — This  substance  is  the  hydrate  of  picropodo- 
phyllin, as  is  shown  from  the  facts — 

1.  Picropodophyllin,    when    boiled    with    alkali,    gives    podophyllic 
acid. 

2.  Podophyllic  acid  loses  water  and  becomes  picropodophyllin. 

1  A  repetition  of  twice  the  dose,  however,  failed  to  produce  any  effect  on  the 
same  animal,  and  the  condition  was  considered  an  accidental  complication. 


THERAPEUTIC    PROPERTIES   OF   PODOPHYLLIX.  27 

This  substance  is  therefore  likewise  an  artificially-produced  product, 
and  does  not  occur  as  such  in  the  plant. 

Sodium  podophyllate  is  a  comparatively  inactive  substance,  behaving 
very  like  picropodophyllin.  In  doses  up  to  £  gr.  no  purgative  effects 
were  produced  in  animals. 

In  man,  sodium  podophyllate  was  tried  in  six  cases,  in  doses  varying 
from  y^y  to  -i  gr.  daily.  It  produced  good  action  of  the  bowels  in  three 
out  of  the  six  cases.  In  one  of  the  cases  where  it  failed,  both  the 
peltatum  and  emodi  resins  likewise  failed  to  purge.  In  one  case  i  gr. 
gave  rise  to  pain  in  the  stomach,  and  made  the  patient  feel  deadly 
sick,  although  she  did  not  vomit,  but  caused  no  action  of  the  bowels. 

In  another  case  of  very  obstinate  constipation,  ~^  gr.  were  given 
three  times  a  day,  with  the  result  that,  although  the  bowels  remained 
much  constipated,  the  motions  were  said  to  be  much  larger  in  amount. 

PODOPHYLLOQUERCETIX. — This  has  been  shown  by  Dunstan  to  be 
identical  with  ordinary  quercetin,  from  quercitron  bark.  We  are 
satisfied  that  in  doses  up  to  11  grs.  this  substance  is  quite  inert, 
neither  tending  towards  constipation  nor  purgation.  Umney  considers 
that  the  peltatum  has  nearly  twice  the  amount  of  'this  substance 
yielded  by  the  emodi,  but  this  is  not  proved,  as  his  method  was  not 
sufficiently  accurate. 

PODOPHYLLO-RESIN. — The  resinous  material  remaining  after  the 
complete  extraction  of  podophyllotoxin,  was  examined  by  us  and 
found  to  be  as  active  physiologically  as  the  crude  emodi-resin ;  that  is 
to  say,  twice  as  active  as  the  ordinary  B.P.  resin.  The  quercetin  was 
also  extracted,  and  the  residual  resin  dissolved  by  alcohol,  and 
separated  into  two  parts  by  fractional  precipitation  of  such  a  solution 
with  water.  One  fraction  consisted  of  a  brownish-red  resin,  active 
a-;  a  purgative  (podophyllo-resin),  the  other  of  a  black  powder,  almost 
insoluble  in  alcohol,  and  tending  to  produce  constipation  in  grain 
doses.  This  podophyllo-resin  in  many  respects  resembles  podophyllo- 
toxin ;  it  is  about  equally  toxic,  and  produces  the  same  irritant, 
intestinal,  and  renal  effects ;  also,  like  podophyllotoxin,  it  is  readily 
soluble  in  alcohol,  and  may  be  injected  subcutaneously  or  into  the 
peritoneal  cavity,  where  it  produces  identical  results. 

There  is,  however,  one  marked  exception  to  this  similarity  in  action 
— that  is,  with  reference  to  its  cholagogue  action.  In  a  series  of 
experiments  on  anaesthetised  dogs,  a  horizontal  tube  being  placed  in 
the  bile  duct,  and  the  cystic  duct  being  clamped,  there  was  some 
increase  in  biliary  secretion  when  this  resin  was  injected,  but  negative 
results,  or  even  a  diminution,  with  podophyllotoxin.  In  the  case  of  a 


28     MACKENZIE   AND   DIXON :   THE   PHYSIOLOGICAL   ACTION   AND 

man  with  a  biliary  fistula,  but  who  was  otherwise  quite  well,  taking 
moderate  exercise  and  living  upon  a  fixed  diet,  a  marked  increase  in 
the  solids  followed  the  administration  of  podophyllo-resin,  but  a  diminu- 
tion both  of  the  quantity  and  of  the  total  solids  was  obtained  after 
podophyllotoxin  had  been  given  in  equal  doses. 

If  we  compare  these  two  active  constituents  of  the  crude  resin,  we 
find  that  -006  grm.  of  either  will  give  rise  to  diarrhoea  in  a  medium- 
sized  cat,  and  '05  grm.  of  either  would  be  a  lethal  dose,  the  sequence 
of  events  being  in  either  case,  vomiting,  diarrhoea,  convulsions. 

Physiologically,  therefore,  podophyllo-resin  is  quite  as  toxic  as  podo- 
phyllotoxin ;  it  is  not,  however,  such  a  good  purgative  ;  in  man,  slightly 
larger  doses  of  the  former  being  required  to  produce  an  equivalent  effect 
on  the  bowels. 

Therapeutical ly,  a  number  of  resinoid  substances  were  tried.  Indian 
podophyllin  freed  from  podophyllotoxin  was  given  in  nine  cases — - 


Dose. 

Satisfactory  Result. 

Slight  Result.  ',  No  Action. 

Hgr  
1  gr  

\  gr.  (children)  . 

1 
1 

2                         1 
1                          1 
2 

Two  of  the  patients  complained  of  headache  whilst  taking  the  medicine, 
but  there  were  no  other  unfavourable  symptoms.  It  will  be  seen  from 
the  above  that  larger  doses  of  the  "  resinoid  "  are  required  than  of  the 
resin,  and  that  the  action  is  more  uncertain. 

For  purposes  of  comparison,  an  artificial  resin  was  made  by  adding 
to  this  "resinoid"  substance  30  per  cent,  of  crystalline  podophyllo- 
toxin, with  results  in  every  way  agreeing  with  those  produced  by  the 
Indian  resin. 

Indian  podophyllin,  freed  from  both  podophyllotoxin  and  quercetin, 
was  next  tried.  This  was  used  in  nineteen  cases.  In  doses  of  1  gr.  it 
was  given  in  fifteen  cases  ;  and  in  nine  of  these  it  produced  satisfactory 
evacuations,  slight  actions  resulted  in  two,  and  in  four  it  had  no  effect. 
In  one  case  the  remedy  only  acted  well  after  it  had  been  continued  for 
some  time ;  whilst  in  another  case,  in  which  it  failed  in  1-gr.  doses,  it 
also  failed  in  2-gr.  doses,  and  in  this  case  grain  doses  of  ordinary 
podophyllin  had  also  no  effect.  Half-a-grain  doses  to  a  child  produced 
rather  too  frequent  action  of  the  bowels,  whereas  in  another  child 
suffering  from  headache,  dulncss  and  depression  of  spirits,  with  sluggish 
action  of  the  bowels,  doses  of  »-.r  gr.  three  times  a  day  greatly  improved 
the  patient's  spirits  and  general  health,  and  acted  well  at  the  same 
time  on  the  bowels. 
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Podophyllo-resin  itself  was  given  to  healthy  men  in  a  number  of 
cases,  with  the  result  that  i-gr.  doses  generally  produced  a  satisfactory 
action  on  the  bowels,  or  the  same  effect  followed  when  the  drug  was 
administered  three  times  a  day  in  doses  of  A  gr. 


TYPICAL  EXPERIMENTS  ILLUSTRATING  THE  PHYSIOLOGICAL  ACTION*  OF 
PODOPHYLLO-RESIX.  — 

EXPERIMENT  6.  —  Dog,  bull-terrier  ;  weight,  3'925  kilos.  ;  injected  sub- 
cutaneously  i  gr.  podophyllo-resin  in  alcoholic  solution.  In  twenty-live 
minutes  the  dog  became  restless  ;  in  thirty  to  thirty-five  minutes  after  the 
injection  a  normal  stool  was  passed,  followed  almost  directly  by  a  diarrhceic 
stool. 

During  the  next  two  hours  about  eight  fluid  motions  were  passed.  The 
animal  was  normal  next  clay. 

EXPERIMENT  7.  '-—Healthy  man,  weight  about  Si  st.,  feeding  on  a  regular 
and  fixed  diet,  with  the  same  amount  of  food,  water,  and  exercise  daily  ;  had 
been  fitted  with  a  tube  and  bottle  by  which  the  whole  of  the  bile  could  be 
collected  and  examined  daily. 

The  following  figures  were  obtained  in  this  fashion  — 


Quantity.    Specific  Gravity. 


Solids  (total). 


-  January  20  .                   670 

1012 

15-197 

3                   '    01 
.              —i     . 

710 

1013 

18-857, 

?  podophyllo-resin 

4 

•x> 

778 

1012 

18-571, 

^ 

5           \ 

23     '. 

817 

1010 

, 

24 

774 

1008 

15-348 

, 

25   . 

768 

1008               14-311. 

£  gr.  podophyllotoxin 

26   .                   700                    1008i             13-944 

These  figures  are  sufficiently  significant,  and  show  clearly  the  marked 
increase  of  the  solid  produced  by  the  administration  of  the  resin,  the 
quantity  of  bile  not  being  materially  altered  ;  it  is  noteworthy  that  no 
effect  on  the  bowels  was  produced  in  this  experiment  by  the  podo- 
phyllo-resin, although  the  podophyllotoxin  produced  looseness, 

1  For  the  publication  of  this  experiment  we  are  indebted  to  Dr.  Bain,  Brit. 
MoL  Journ.,  London,  1898,  voL  i.  p.  1647. 

-  The  sp.  gr.  had  not  been  higher  than  this  except  after  administration  of 
certain  drugs  with  a  cholagogue  action. 

3  Effect  of  the  exhibition  of  \  gr.  of  podophyllo-resin,  administered  twice  at 
slight  interval. 

4  Result  after  administration  of  \  gr.  podophyllo-resin,  at  8,  12,  and  4  respect 
ively. 

5  Result  after  administration  of  \  gr.  podophyllotoxin,  at  8,  12,  and  4  (acted 
twice  on  the  bowels). 
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EXPERIMENT  8. — Two  dogs  (about  equal  weight)  were  anaesthetised  with 
ether.  The  abdomen  was  opened  and  a  horizontal  tube  placed  in  the  bile 
duct,  the  cystic  duct  being  meanwhile  clamped  in  each  case. 

The  appended  curves  show  the  results  produced,  where  the  abscissa  repre- 
sents time  and  the  ordinate  the  amount  secreted.  It  will  be  noticed  that  the 


ion  grain.ifPodophyllo  toxin 
Jophyllo  repin  respectively 


10  minute  increments  of  time 


quantity  gradually  increases  in  the  one  case,  after  the  injection  of  podophyllo- 
resin,  whilst  in  the  second  experiment,  where  podophyllotoxin  was  injected, 
the  secretion  rapidly  diminished. 

In  conclusion,  we  wish  to  draw  attention  to  the  following  points  — 

That  Indian  podophyllin  is  an  active  purgative  and  a  useful  thera- 
peutic agent;  that  it  may  be  substituted  for  P.  peltatum ;  but  it  is 
important  that  the  physician  should  know  which  sample  he  is  prescrib- 
ing, as  the  Indian  variety  is  nearly  twice  as  physiologically  effective  as 
the  American. 

That  the  active  principles  contained  in  the  crude  resin  are  two 
substances — -(a)  Crystalline  podophyllotoxin  ;  (b)  podophyllo-resin, — 
both  of  which  act  as  excellent  laxatives  in  small  doses,  without 
secondary  constipation  or  other  objectionable  symptoms. 

That  although  both  these  substances  act  very  similarly  on  the 
alimentary  tract,  it  is  only  the  podophyllo-resin  which  exerts  a  true 
cholagogue  effect,  which  shows  itself  rather  by  a  large  increase  of  the 
solids  secreted  than  by  an  increased  quantity.1 

Both  exert  their  specific  activity  when  injected  hypodermically  in 
alcoholic  solution,  but  in  man  so  much  irritation  is  produced  as  to 
forbid  their  employment  in  this  manner. 

1  The  cholagogue  effect  of  this  substance  (/.  c.  increase  of  bile  salts)  has  been 
estimated  as  greater  than  that  of  any  other  known  substance. — Brit.  Med,  Journ,, 
London,  1898,  vol.  i.  p.  1647. 
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The  Oir"/'/r/<oj  of  llij<>*<-'j<(  'he  Hyoscyamus 

mutieus  of  Ind«'..~ 

By  WYNDHAM  11.  DUNSTAX  and  HAROLD  BROWN. 

Hyos'-yam><s  mutieus  is  a.  species  of  lieiibaue  which  occurs  iu  certain 
districts  of  India  and  has  long  been  used  in  Indian  medical  practice, 
as  a  particularly  virulent  drug.  The  nature  of  its  alkaloid,  however, 
has  never  been  determined. 

The  following  account  of  the  plant  is  abbreviated  from  that  given  ill 
Hooker's  Flora  Ind'"  a. 

II.  mutieus  is  found  in  the  West  Punjab,  in  Scinde,  and  in  Cabul, 
westward  to  Egypt. 

Cauline  leaves,  petioled,  ovate  or  oblong,  entire  or  toothed,  lower 
flowers  pedicelled,  calyx  striate,  pubescent,  teeth  short,  triangular,  not 
acute  in  fruit,  corolla  1  to  li  inches,  lurid  yellow  or  nearly  white. 
Stem,  1  to  3  feet.  Leaves.  4  to  7  inches,  pubescent,  or  somewhat 
woolly,  petiole  -{-  to  3  inches.  Lower  pedicles  in  fruit,  ^  to  1  inch. 
Calyx,  §  inch,  in  fruit,  1  by  i  inch,  funnel-shaped,  ribbed,  somewhat 
reticulate,  villous,  or  ultimately  glabrous ;  teeth  short,  triangular,  not 
spreading.  Capsule,  ^  inch  in  diameter.  Seed,  ^r  inch  in  diameter. 

The  medicinal  effects  of  this  drug  appear  to  resemble  those  of 
ordinary  henbane  ;  when  administered  in  comparatively  large  doses,  it 
acts  as  a  powerful  excitant,  leading  to  what  have  been  described  as 
paroxysms  of  mania,  whence  the  synonym  ffyodcyeuHtu  iii.-wnii*. 
There  is  some  reason  to  believe  that  it  has  been  employed  in  the 
preparation  of  certain  extremely  potent  kinds  of  the  Persian  "Benj  " 
and  in  some  varieties  of  the  Indian  "  Bhang,1'  which,  however,  is 
usually  prepared  from  Indian  hemp.  Since  there  is  at  present  a  con- 
siderable demand  for  atropaceous  drugs  and  their  alkaloids,  it  seemed 
desirable  to  examine  the  alkaloid  of  this  plant,  which  is  fairly  abundant 
in  the  districts  of  India  in  which  it  is  found  and  might  possibly  prove 
to  be  worth  exporting. 

E. '.-traction  and  Estimation  of  the  Alkalui'L 

The  sample  was  collected  in  Scinde,  at  the  instance  of  the  Keporter 
on  Economic  Products  to  the  Government  of  India,  and  consisted  of 
both  stems  and  leaves  of  the  plant  :  these  were  separated  as  far  as 
possible,  but  there  remained  a  mixture  of  fine  stems  and  broken  leaf. 

The  material  was  air-dried  at  a  low  temperature,  finely  powdered, 
1  Reprinted  f rum  the  Journal  of  the  Chemical  Society,  1899,  75,  72. 
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and  then  exhausted  by  percolation  with  cold  alcohol,  the  percolate 
being  evaporated  under  reduced  pressure  until  nearly  the  whole  of  the 
alcohol  had  been  removed.  The  semi-solid  residue  was  then  extracted 
with  dilute  hydrochloric  acid  (0'5  per  cent.),  gently  warmed,  and  well 
shaken ;  after  subsidence,  the  acid  liquid  was  poured  off  and  the  treat- 
ment repeated  until  the  alkaloid  was  completely  removed.  The  acid 
solution,  after  nitration,  was  shaken  with  small  quantities  of  chloro- 
form in  order  to  remove  the  chlorophyll,  then  made  slightly  alkaline  by 
the  addition  of  dilute  ammonia,  and  the  alkaloid  extracted  by  succes- 
sive shakings  of  the  alkaline  liquid  with  chloroform ;  on  distilling  off 
the  chloroform  under  reduced  pressure,  a  gummy,  alkaloidal  residue 
was  obtained  having  a  slight  odour  recalling  that  of  pyridine. 

A  small  quantity  of  alkaloid  remained  in  the  alkaline  liquid,  and 
could  not  be  removed  by  agitation  with  chloroform ;  it  was,  however, 
subsequently  isolated  and  examined. 

By  percolation  with  cold  alcohol,  the  following  percentages  of  alkaloid 
were  found. 

In  the  plant  (stem  and  leaf),  680  grams  yielded  0'7  gram  of  alkaloid, 
or  Ol  per  cent,  (nearly  pure). 

In  the  stem  only,  310  grams  yielded  0'46  gram  of  alkaloid  (nearly 
pure),  which  is  0  15  per  cent. 

In  the  broken  leaf  and  fine  stems,  250  grams  yielded  0'14  gram  of 
alkaloid  (nearly  pui*e),  which  equals  0-056  per  cent. 

Examination  of  the  Alkaloid. 

In  order  to  identify  the  alkaloid  or  alkaloids  present,  the  impure 
amorphous  residues  were  converted  into  the  aurichloride,  which  was 
examined  by  fractional  crystallisation,  as  described  in  a  previous  paper 
on  the  alkaloids  of  ticopola  carniolica  (Dunstan  and  Chaston,  Ph.  J. 
[iii],  20,  461);  this  was  obtained  as  a  yellow,  pulverulent  precipitate, 
which  was  recrystallised  from  hot  water  acidified  with  hydrochloric 
acid.  The  alkaloid  from  the  mixed  stem  and  leaf  yielded  two  large 
fractions  of  aurichloride  melting  at  154-156°,  and,  after  recrystal- 
lising,  at  157-158°,  which  is  very  near  the  melting  point  of  hyos- 
cyamine  aurichloride.  From  the  mother  liquors,  containing  the  excess 
of  auric  chloride,  two  very  small  fractions  of  crystals  were  obtained 
melting  at  149-150°  and  140-145°  respectively  ;  these  were  too  small 
to  be  dealt  with  separately. 

The  alkaloid  from  the  stem  yielded  three  main  fractions  of  auri- 
chloride all  melting  between  154°  and  156°.  On  recrystallising  once, 
three  fractions  melting  at  158°,  157'5°  and  154-156°  were  obtained; 
by  concentrating  the  mother  liquors  from  these,  two  small  fractions 
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melting  at  150-155'  and  145-150"  were  obtained,  and,  finally,  a  few 
crystals  melting  at  141-145".  The  fractions  of  similar  melting  point 
were  combined  and  recrystallised  from  dilute  acid  until  a  constant 
melting  point  was  attained.  In  the  case  of  the  fractions  of  higher 
melting  point,  two  or  three  recrystallisations  sufficed,  whereas  the 
lower  fractions  required  the  operation  to  be  repeated  at  least  six  times 
before  a  constant  melting  point  was  obtained  :  by  this  means,  practically 
the  whole  of  the  aurichloride  originally  taken  was  obtained  in  shining 
leaflets  melting  at  159'5:.  There  only  remained  two  small  fractions 
melting  at  157-158",  and  the  two  lowest  fractions,  at  140-145",  which 
were  too  small  to  be  separately  dealt  with,  and  were  consequently 
retained  and  afterwards  combined  with  a  fraction  of  similar  melting 
point. 

It  is,  therefore,  proved  that  nearly  the  whole  of  the  aurichloride  is 
that  of  hyoscyamine,  which  melts  at  160;  (Ladenburg). 

The  small  quantity  of  alkaloid  which  remained  in  the  alkaline 
liquid  and  was  not  removed  by  agitation  with  chloroform  was  isolated 
in  the  following  manner  (Dunstan  and  Ransom,  Ph.  J.  [iii],  14,  623). 
The  chloroform  and  alcohol  present  were  removed  by  distillation  under 
reduced  pressure,  the  liquid  was  acidified,  and  the  whole  of  the  alkaloid 
precipitated  by  adding  a  solution  of  iodine  in  potassium  iodide  :  the 
alkaloidal  periodide  was  collected,  washed,  and  then  decomposed  by  a 
small  quantity  of  a  solution  of  sodium  thiosulphate,  the  liquid  made 
alkaline  with  dilute  ammonia,  and  the  alkaloid  extracted  with  chloro- 
form. The  small  quantity  of  alkaloid  thus  obtained  was  converted 
into  the  aurichloride,  but  this  could  not  be  recrystallised  and  was 
mixed  with  the  lowest  melting  fractions  (above  referred  to)  for  further 
treatment. 

Analysis  of  the  Aurichloride. 

The  pure  aurichloride  melting  at  159-5  was  analysed,  the  gold, 
chlorine,  and  alkaloid  being  directly  determined.  A  weighed  quantity 
of  the  salt  was  dissolved  in  water,  the  gold  precipitated  as  sulphide, 
ignited,  and  weighed  as  metal.  After  the  hydrogen  sulphide  had  been 
removed  from  the  filtrate  by  passing  a  current  of  air,  it  was  exactly 
neutralised  with  soda,  and  the  chlorine  determined  by  titration  with 
centinormal  silver  nitrate.  The  filtrate  from  the  silver  chloride  was 
concentrated  in  a  vacuum  over  sulphuric  acid,  then  made  alkaline 
with  dilute  ammonia,  and  the  alkaloid  removed  by  agitation  with 
chloroform,  and  the  residue  obtained  on  distilling  off  the  chloroform 
was  dried  in  a  vacuum  over  sulphuric  acid  until  its  weight  was 
constant. 

II.  D 
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I.  0-0636   aurichloride   gave  0-0201   Au,    and  required  42-2    c.c. 
N/100AgNO3(l  c.c.  =  0-0003416  01).     Au  =  31-60;  01  =  2266. 

II.  0'0424  aurichloride  gave  0-0134  Au,  and  required  27*8  c.c. 
N/100AgN03.  Au- 31-60;  01  =  22-40. 

The  two  solutions  containing  the  alkaloid  from  both  the  above  deter- 
minations were  mixed,  and  the  total  amount  of  alkaloid  estimated. 

0-106  aurichloride  gave  0-0491  alkaloid  =  46 -32  per  cent. 

Gold.  Chlorine.       Alkaloid. 

Found 31-60,  31-60     22-66,  22-40     46-32 

Calculated  for  CirH23NO3,HAu014       31-34  22-54  45-95 

Another  specimen  of  aurichloride  yielded,  on  ignition,  31-25  per 
cent,  of  gold. 

From  more  of  the  pure  aurichloride,  the  alkaloid  was  regenerated 
by  the  method  above  described,  and  after  recrystallisation  from  a 
mixture  of  dry  chloroform  and  petroleum,  it  was  obtained  in  long, 
silky  needles.  These  were  dissolved  in  absolute  alcohol,  and  the 
specific  rotatory  power  determined.  The  solution  was  Itevorotatory. 

«  =  31'.     1=1  dm.     c  =  2-04.     <  =  19. 

100x31 
whence  [4>  =  2-04  x  60  = 

Other  observers  have  recorded  numbers  lying  between  20°  and  21°. 


Hyoscyamus  muticus  as  a  Commercial  Source  of  Pure  Hyoscyamine. 

Having  thus  ascertained  that  the  alkaloid  in  Hyoscyamus  muticus 
is  chiefly,  if  not  entirely,  hyoscyamine,  experiments  were  made  .to 
extract  the  crystalline  alkaloid  direct  from  the  plant.  For  this  purpose, 
about  1J  Ibs.  of  the  plant,  both  stem  and  leaf,  was  finely  powdered  and 
the  alkaloid  extracted  by  the  method  already  described ;  in  this  way, 
0'7  gram  of  impure  alkaloid  was  obtained  as  a  coloured,  gummy 
residue,  which  could  not  be  crystallised  either  from  ether  or  from 
dilute  alcohol.  By  dissolving  in  dry  chloroform,  however,  and  gradu- 
ally adding  light  petroleum,  the  colouring  matter  was  precipitated, 
together  with  a  little  of  the  alkaloid,  and  a  nearly  colourless  solution 
was  obtained,  from  which,  on  adding  more  petroleum  and  allowing  it 
to  stand,  groups  of  small  needles  were  gradually  deposited.  Several 
fractions  of  the  crystalline  base  were  thus  obtained,  and  were  re- 
crystallised  in  the  same  manner.  Finally,  pure  hyoscyamine  was 
obtained  in  colourless,  silky  needles  melting  at  105°. 
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Absence  of  other  Mydriatic  Alkaloids. — The  small  quantity  of  alka- 
loid precipitated  along  with  the  colouring  matter  by  the  first  additions 
of  petroleum  to  the  solution  in  chloroform  was  also  examined.  The 
precipitate  was  extracted  with  very  dilute  hydrochloric  acid,  the 
solution  filtered,  and  auric  chloride  added,  when  a  yellow  precipitate 
was  produced  which  quickly  aggregated  to  a  resinous  mass  (fraction  A)  : 
this  was  removed,  and  on  adding  more  of  the  reagent  to  the  filtrate  a 
yellow,  pulverulent  precipitate  was  obtained,  which  did  not  aggregate 
on  standing  (fraction  B).  These  two  fractions  were  recrystallised 
separately  from  dilute  acid ;  from  fraction  A,  two  crops  of  crystals 
were  obtained  melting  at  154-155'  and  156-158'  respectively;  and 
from  fraction  B,  crystals  were  obtained  melting  at  157-1583.  The 
mother  liquors  from  all  these  were  concentrated  in  a  vacuum,  and  thus 
a  few  crystals  melting  at  146-149°  were  separated. 

All  fractions  of  aurichloride  insufficient  for  separate  recrystallisa- 
tion  which  had  been  obtained  in  the  various  experiments  made  were 
finally  combined  into  two  groups  according  to  their  melting  points, 
155-158  and  140-145"  respectively.  These  were  recrystallised  as 
before  and  virtually  the  whole  of  the  gold  salt  was  found  to  melt 
constantly  at  159  5".  A  very  small  fraction  melted  at  168-159°,  and 
another  from  150-1 55=,  but  these  were  too  minute  for  further  re- 
crystallisation.  The  following  are  the  melting  points  of  the  auri- 
chlorides  of  the  chief  mydriatic  alkaloids  :  atropine,  136-1383,  hyos- 
cyamine,  159-160" ;  scopolamine  or  hyoscine,  198-199°. 

There  is,  therefore,  no  evidence  of  the  existence  in  this  sample  of 
Hyoscyamus  muttetwol  any  mydriatic  alkaloid  other  than  hyoscyamine. 
"VS  e  believe  that  the  plant  will  prove  to  be  an  important  source  of  this 
alkaloid,  since  it  can  be  isolated  from  it  with  far  less  difficulty  than 
from  ordinary  henbane  (Hyoscyamus  niger\  which  also  contains  the 
alkaloid  hyoscine5  and  often  atropine  in  addition. 

It  should,  however,  be  remembered  that  the  nature  of  the  alkaloids 
contained  in  atropaceous  plants  appears  to  vary  with  age,  mode  of 
cultivation,  and  other  circumstances.  Thus,  in  belladonna,  the  pro- 
portion of  hyoscyamine  to  atropine  fluctuates  widely  with  the  age  of 
the  plant.  It  is.  therefore,  desirable  that  other  specimens  of  Hyoscya- 
mus  m>/tii:us  should  be  examined,  in  order  to  ascertain  whether  hyos- 
cyamine is  invariably  the  only  alkaloidal  constituent. 

It  will  be  convenient  to  summarise  here  our  present  information  as 
to  the  occurrence  of  hyoscyamine  in  various  plants. 

Hyoscyamus  niger  and  albus  (hyoscyamine  and  scopolamine). 
Hyoscyamus  muticus  (hyoscyamine). 

Atropa  belladonna  (atropine,  hyoscyamine,  and  a  little  scopolamine). 
Datura  Stramonium 
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Duboisia  myoporoides  (hyoscyamine  and  a  little  scopolamine). 

Scopola  carniolica  (hyoscyamine). 

Scopola  japonica  (atropine,  hyoscyamine,  and  scopolamine). 

Lactuca  sativa  and  virosa  (hyoscyamine). 

The  following  percentages  of  total  alkaloid  have  been  recorded. 


Hyoscyamus  niger. 

Atropa 

Datura 

Hyoscyamus 

belladonna. 

Stramonium. 

muticus. 

Biennial. 

Annual. 

Roots  . 

0-21-0-41 

0-15 

0-155-0-173 

Leaves 

0-30-0-90 

0-12-0-20 

flstyr.  0-039-0-069 
\2nd  ,,   0-045-0-068 

and^s}0'064-0'0?0 

stem    \», 
and  leaf  /U 

Seeds.. 

— 

0-16-0-37 

0-058-0-1 

— 

— 

Stem.. 

— 

— 

— 

— 

0-15 

Entire 

herb  . 

— 

— 

0-03 

— 

We  are  indebted  to  Mr.  A.  E.  Andrews,  Assistant  Chemist  in  these 
Laboratories,  for  the  skilful  help  he  has  given  in  the  conduct  of  this 
experimental  work. 


The  Alkaloid  of  Hyoscyamus  muticus  and  of  Datura 
Stramonium  grown  in  Egypt}- 

By  WYNDHAM  R.  DUNSTAN  and  HAROLD  BROWN. 

I.  Hyoscyamus  muticus, 

IN  a  previous  paper  (Proc.,  1898,  14,  240;  Trans.,  1899,  75,  72;  also 
this  vol.  p.  31),  we  have  shown  that  the  Hyoscyamus  muticus  of 
India,  which  has  long  been  used  in  Indian  medical  practice,  contains 
the  alkaloid  hyoscyamine,  unaccompanied  by  other  mydriatic  alkaloids, 
so  that  its  isolation  in  the  pure  state  is  a  comparatively  easy  operation. 

The  percentage  of  hyoscyamine  found  by  us  in  the  stems  and  leaves 
of  this  sample  of  the  Indian  plant  was  O'l  per  cent. 

Since  the  publication  of  this  paper,  a  short  communication  has 
appeared  (Arch.  Pharm.,  1898,  236,  704)  by  Dr.  Gadamer,  in  which 
he  states  that  he  has  examined  Hyoscyamus  muticus  grown  in  Egypt, 

1  Reprinted  from  the  Journal  of  the  Chemical  Society,  1901,  79,  71. 
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and  has  found  in  the  seed  capsules  and  seeds  1-34  per  cent,  of  hyos- 
cyamine, and  in  the  leaves  as  much  as  1-393  per  cent.,  whilst  the  stems 
contained  0*569  per  cent.  As  these  quantities  are  more  than  ten 
times  as  great  as  those  found  by  us  in  the  Indian  plant,  we  have 
examined  the  alkaloid  furnished  by  plants  grown  in  Egypt,  which 
have  been  collected  for  us  through  the  kindness  of  Mr.  E.  A.  Floyer, 
Member  of  the  Egyptian  Institute. 

The  plant  is  very  abundant  in  the  desert.  The  material  received 
weighed  about  1 -5  kilograms,  and  consisted  of  the  leaves,-  stems,  and 
flowers.  In  many  cases  the  fruits  were  fully  formed  and  the  seeds 
ripe.  The  seed  was  removed  for  examination,  whilst  the  stems  and 
leaves  were  operated  upon  together. 

h. — About  60  grams  were  obtained  and  thoroughly  dried  in  a 
current  of  warm  air  (about  40C).  They  were  then  ground  to  a  fine 
powder,  and  the  alkaloid  extracted  by  the  process  previously  described 
(loc.  cit.).  As  in  the  case  of  the  Indian  plant,  the  hyoscyamine  was 
obtained  in  a  crystalline  condition.  The  quantity  corresponded  with 
er  cent.,  calculated  on  the  dry  material.  In  fractionally  crystal- 
lising this  alkaloid,  by  adding  light  petroleum  to  its  solution  in  dry 
chloroform,  it  was  nearly  all  obtained  in  white,  silky  needles  melting  at 
105',  which  furnished  a  crystalline  aurichloride  melting  at  160°  and  con- 
taining 31-55  per  cent,  of  gold.  There  is  therefore  no  doubt  that  the 
crystalline  alkaloid  is  pure  hyoscyamine.  As  two  very  small  fractions 
presented  themselves  in  a  gummy,  semi-crystalline  state,  they  were 
converted  into  aurichloride,  and  this  was  fractionally  crystallised. 
Nothing,  however,  was  obtained  beyond  an  aurichloride  melting  at 
160°  and  containing  31-3  per  cent,  of  gold,  so  that  no  other  alkaloid 
than  hyoscyamine  was  present. 

Stems  and  Leaves. — The  mixture  of  stems  and  leaves  was  thoroughly 
dried,  finely  powdered,  and  the  alkaloid  extracted.  It  amounted  to 
0-59  per  cent,  on  the  dried  material.  This  alkaloid  crystallised  readily 
from  its  solution  in  chloroform  and  possessed  all  the  properties  of 
hyoscyamine.  A  quantity  was  converted  into  the  aurichloride  and 
fractionally  crystallised.  All  the  fractions  melted  between  159s  and 
160'  and  contained  between  31  and  31-5  per  cent,  of  gold,  so  that  it 
may  be  safely  concluded  that  no  other  alkaloid  than  hyoscyamine  was 
present.  A  non-alkaloidal  substance  was,  however,  isolated  from  the 
crystalline  material  first  obtained.  It  was  noticed  in  crystallising 
the  original  alkaloid  from  chloroform.  On  recrystallising  this  sub- 
stance from  alcohol,  it  was  obtained  in  flat,  rectangular  plates  melting 
at  1 96-1 98 J.  It  was  not  readily  dissolved  by  cold  water,  although 
easily  soluble  when  heated ;  the  aqueous  solution  was  quite  neutral. 
It  left  no  residue  on  ignition,  and  although  it  contained  nitrogen,  did 
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not  react  with  alkaloidal  reagents,  nor  did  it  exhibit  the  properties 
of  a  base.  It  was  also  devoid  of  acid  properties,  being  only  sparingly 
soluble  in  cold  aqueous  alkalis,  whilst  the  solution  obtained  by  heating 
deposited,  on  cooling,  the  unchanged  substance.  It  did  not  reduce 
Fehling's  solution  before  or  after  boiling  with  dilute  sulphuric  acid. 
Its  taste  was  distinctly  bitter.  The  quantity  of  the  substance  avail- 
able did  not  allow  of  its  further  investigation,  but  we  intend,  when  a 
fresh  supply  of  material  has  been  obtained,  to  investigate  its  properties 
more  fully. 

It  thus  appears  that  Hyoscyamus  muticus  grown  in  Egypt  resembles 
that  grown  in  India  in  containing  practically  pure  hyoscyamine.  The 
amount  of  this  alkaloid  furnished  by  the  Egyptian  plant  is,  however, 
considerably  greater  than  that  yielded  by  the  same  plant  grown  in 
India.  It  must,  however,  be  borne  in  mind  that,  so  far,  only  one 
sample  of  the  Indian  plant  has  been  examined,  and  it  is  well  known 
that  the  quantity  of  alkaloid  in  atropaceous  plants  varies  considerably 
with  their  age.  The  examination  of  other  samples  of  the  Indian 
plant  will,  therefore,  be  necessary  before  it  can  be  definitely  concluded 
that  the  larger  proportion  of  alkaloid  now  found  is  due  to  the  growth 
of  the  plant  in  Egypt. 

The  rather  larger  percentages  recorded  by  Dr.  Gadamer  may  be  partly 
accounted  for  by  his  having  employed  Keller's  volumetric  method 
of  estimation,  whereas  we  have  isolated  and  weighed  the  crystalline 
alkaloid ;  and  partly  also  by  the  age  of  the  plant  examined,  as  to 
which  we  have  no  information. 

The  percentages  of  hyoscyamine  recorded  for  Hyoscyamus  muticus 
grown  in  Egypt  are  very  much  higher  than  those  hitherto  recorded 
for  any  atropaceous  plant,  and  this,  taken  with  the  fact  that  hyos- 
cyamine can  be  so  readily  obtained  in  a  pure  condition  from  this 
material,  makes  Hyoscyamus  muticus  a  valuable  commercial  source 
of  this  alkaloid. 

Mr.  Floyer  informs  us  that  any  quantity  can  be  readily  grown  in 
the  Egyptian  desert,  and  that  a  demand  for  a  large  supply  could 
easily  be  met. 

II.  Datura  Stramonium. 

Through  the  kindness  of  Mr.  Floyer,  we  have  been  enabled  to 
examine  a  specimen  of  the  Datura  Stramonium  grown  in  Upper  Egypt. 
The  European  plant  is  well  known,  and  somewhat  extensively  used  in 
medicine.  It  was  at  one  time  supposed  to  contain  an  alkaloid  daturine, 
which  subsequent  research  proved  to  be  a  mixture  of  atropine  and 
hyoscyamine.  As  difference  of  climate  and  soil  is  known  to  produce 
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considerable  alteration  in  the  constituents  of  plants,  we  were  glad  of 
the  opportunity  to  examine  the  Egyptian  Stramonium. 

From  the  plant  as  received,  consisting  of  thick,  succulent  stems, 
holding  large,  ripe  fruits  but  very  little  leaf,  the  seeds  were  removed, 
and  the  remainder,  consisting  of  the  stem,  broken  leaves,  and  fruit 
cases,  separately  examined. 

Seeds. — About  42  grams  were  obtained  and  dried  in  the  air.  They 
were  then  examined  in  precisely  the  same  manner  as  those  of  Hyos- 
cyi.tiiiHs  rnutiai*.  0'35  per  cent,  of  the  crystalline  alkaloid  was  obtained 
melting  at  104',  and  showing  all  the  characters  of  hyoscyamine.  Its 
aurichloride,  after  recrystallisation,  melted  at  159°,  and  contained 
31-29  per  cent,  of  gojd.  The  whole  of  the  alkaloid  was  converted 
into  aurichloride,  and  this  was  fractionally  reci-ystallised.  In  no  case 
was  any  aurichloride  obtained  other  than  that  of  hyoscyamine. 

<>•  and  Lt'U.-es. — The  mixture  of  stems  and  leaves,  amounting  to 
about  80  grams,  was  air-dried  and  examined  in  the  same  manner  as 
Hyoscyamus  inuticus.  0-3  per  cent,  of  alkaloid  was  obtained,  which, 
however,  did  not  crystallise  readily,  but  separated  in  a  semi-gummy 
state.  The  whole  of  it  was  therefore  converted  into  aurichloride  and 
fractionally  crystallised.  With  the  exception  of  a  minute,  granular 
fraction  melting  below  130",  which  was  probably  the  aurichloride  of 
atropine,  the  whole  of  the  gold  salt  was  obtained  in  shiny,  crystalline 
scales  characteristic  of  hyoscyamine  aurichloride.  They  melted  at 
159=,  and  contained  31-37  per  cent,  of  gold.  The  influence  of  minute 
quantities  of  other  alkaloids  in  hindering  the  crystallisation  of 
hyoscyamine  is  well  known. 

It  therefore  appears  that  the  Datura  Stramonium  of  Egypt  differs 
from  that  grown  in  Europe  in  containing  hyoscyamine  unaccompanied 
by  other  atropaceous  alkaloids,  although,  as  has  been  pointed  out  in 
the  previous  paper,  the  nature  of  the  alkaloid  contained  in  plants 
belonging  to  this  natural  order  is  liable  to  vary  considerably  with 
age,  and  therefore  this  difference  may  not  be  in  reality  a  fundamental 
one. 

It  is  obvious  that  both  these  plants  merit  the  attention  of  those 
concerned  with  their  utilisation  in  medicine  and  pharmacy,  as  an 
abundant  supply  of  either  could  be  obtained  in  Egypt. 
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Contributions  to  our  Knowledge  of  the  Aconite  Alkaloids. 
Part  XIV.   On  Pseudaconitine.1 

By  WYNDHAM  E.  DUNSTAN  and  FRANCIS  H.  CARR,  Salters'  Company's 
Research  Fellow  in  the  Laboratories  of  the  Imperial  Institute. 

IN  previous  papers  communicated  to  this  Society,  an  account  has  been 
given  of  an  investigation  of  the  principal  properties  and  decomposition 
products  of  the  alkaloid  aconitine,  derived  from  the  roots  of  Aconitum 
Napellus.  The  enquiry  has  since  been  extended  to  a  similar  examin- 
ation of  the  alkaloids  occurring  in  other  species  and  varieties  of  aconite. 
At  the  request  of  the  Government  of  India,  an  investigation  is  being 
made,  in  the  Scientific  Department  of  the  Imperial  Institute,  of  the 
alkaloidal  constituents  of  the  chief  kinds  of  aconite  indigenous  to 
India,  especially  of  those  which  are  highly  poisonous,  or  are  reputed 
to  be  of  medicinal  value.  In  this  connection,  Dr.  H.  A.  D.  Jowett 
has  described  (Part  XIII.  of  this  series)  the  principal  properties  and 
decomposition  products  of  atisine  derived  from  the  Aconitum  hetero- 
phyllum  of  India.  In  a  previous  communication,  and  in  the  present 
paper,  we  give  an  account  of  pseudaconitine,  the  highly  poisonous 
constituent  of  the  aconite  occurring  in  Nepaul,  which  is  usually 
regarded  as  Aconitum  ferox,  and  locally  known  as  "  bish "  (bikh). 
Our  previous  knowledge  of  this  alkaloid  is  almost  wholly  due  to  the 
researches  of  Alder  Wright,  who,  in  conjunction  with  Luff,  gave  an 
account  of  its  properties  in  a  paper  communicated  to  this  Society  in 
1878.  The  material  employed  in  our  work  consisted  of  roots  of  the 
plant,  which  were  specially  collected  with  great  cave  in  the  Himalayas 
under  the  supervision  of  Dr.  George  Watt,  the  Reporter  on  Economic 
Products  to  the  Government  of  India. 

Pseudaconitine. 

In  a  preliminary  notice  communicated  to  the  Society  two  years  ago 
(Proc.,  June  1895),  the  authors  described  some  of  the  properties  of 
pseudaconitine.  They  showed  that  its  hydrolysis  occurs  in  two  stages, 
in  the  first  of  which  acetic  acid  and  a  crystalline  base  veratrylpseud- 
aconine  are  formed,  and  in  the  second  the  elimination  of  a  molecule  of 
dimethylprotocatechuic  acid  takes  place  with  the  formation  of  pseud- 
aconine.  It  has  also  been  shown  that,  when  pseudaconitine  is  heated  in 

1  Reprinted  from  the  Journal  of  the  Chemical  Society,  1897,  71,  350.  Parts 
I.-XIII.  of  this  series  will  be  found  in  the  previous  volumes  of  the  same  Journal. 
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the  dry  state,  one  molecular  proportion  of  acetic  acid  distils  over,  and 
a  base  is  left,  to  which  the  name  pyropseudaconitine  was  given.  This 
base,  when  hydrolysed,  furnishes  dimethylprotocatechuic  (veratric)  acid 
and  pyropseudaconine.  The  present  paper  gives  a  more  detailed 
account  of  the  experiments  which  furnished  these  results,  and  also  an 
account  of  other  observations  on  the  properties  of  the  salts  and 
derivatives  of  pseudaconitine. 

E.d  ruction  of  the  Alkaloid. — Several  methods  have  been  tried  for  the 
extraction  of  the  base  from  the  root,  involving  the  use  of  methylic, 
ethylic,  and  amylic  alcohols.  Finally,  a  mixture  of  methylic  and 
amylic  alcohols,  in  the  proportion  of  5  to  1,  was  adopted  as  the  most 
efficient  solvent.  The  methylic  alcohol  is  distilled  from  the  slightly 
warmed  percolate,  under  reduced  pressure,  when  a  quantity  of  fat 
separates  ;  this  is  removed,  and  the  alkaloid  is  extracted  from  the 
amylic  alcohol  by  shaking  it  with  very  dilute  (1  per  cent.)  aqueous 
hydrochloric  acid.  The  solution  is  then  shaken  with  ether,  to  remove 
the  dissolved  amylic  alcohol,  the  alkaloid  liberated  by  the  addition 
of  dilute  ammonia,  and  then  extracted  by  shaking  with  ether  in  the 
usual  manner.  On  evaporating  the  dried  ethereal  solution,  white 
crystals  separate,  which  are  recrystallised  by  dissolving  them  in  dry 
chloroform,  adding  dry  ether,  and  then  dry  light  petroleum,  until  a 
slight  turbidity  is  produced  ;  by  this  means,  a  considerable  supply  of 
pure  pseudaconitine  was  obtained.  Judging  from  the  yield  obtained 
from  the  roots  of  Aconitum  ferox,  it  would  appear  that  more  pseudaco- 
nitine is  present  in  them  than  there  is  of  aconitine  in  the  roots  of  A. 
Xapellus  ;  but  this  is  a  question  to  which  we  shall  return  in  a  future 
paper. 

Properties  of  Pseudaconitine. — The  pure  base  crystallises  well.  Mr. 
"VT.  J.  Pope  has  kindly  examined  some  fairly  well-defined  crystals,  with 
the  following  results. 

"  The  crystals  of  pseudaconitine  consist  of  small,  colourless,  trans- 
parent crystals  of  rhomboidal  shape,  having  a  rather  vitreous  lustre. 
Owing  to  the  poor  character  of  the  images  obtained  from  the  various 
faces,  the  measurements  given  below  are  of  no  great  accuracy  :  they 
would  indicate  that  the  crystals  belong  to  the  orthorhombic  system. 
That  the  crystals  are,  however,  not  orthorhombic,  is  shown  by.  the  faces 
which  they  exhibit,  and  also  by  the  interference  figure  observed  in 
polarised  light.  Considering,  for  the  purpose  of  description,  that  the 
crystals  are  really  orthorhombic,  the  following  faces  are  always  observed  : 
—(010),  (OTO),  (111),  (11T),  (1T1),  (ITT),  (TlT),  and  (TTl),Vith  traces 
of  the  form  {110}  ;  the  two  faces  (Til)  and  (Til)  are  never  observed. 
This  observation  was  made  on  all  the  crystals  examined — ten  in  num- 
ber, belonging  to  two  different  crops — and  the  same  faces  of  the  forms 


42 


DUNSTAN   AND   CARE  :   CONTRIBUTIONS  TO   OUR 


{010}  and  {111}  were  found  in  every  case;  this  arrangement  of  faces  is 
not  possible  in  the  hemihedral  subdivisions  of  either  the  orthorhombic 
or  monosymmetric  system.  The  crystals  must,  therefore,  be  assigned  to 
the  rare  anorthic  hemihedral  system,  two  of  the  forms  having  the 
indices  111  being  present  as  half-forms  only,  and  the  interaxial  angles, 
a,  (3,  and  y,  being  equal  to  90°  within  the  rather  wide  limits  of  error 
incurred  in  the  measurement  of  crystals  such  as  those  now  described. 
"The  crystals  present  the  appearance  shown  in  Fig.  1,  and  have  the 
axial  ratios — 

a  :6:c  =  0-8362:l:  0-6938. 


FIG.  1. 


(ore) 


"  The  following  angular  measurements  were  obtained — 


No.  of 

Angle.         measurements. 

Limits. 

Mean. 

Calculated. 

bo 

=  010 

111 

23 

61° 

14'—  62° 

17' 

61° 

54' 

— 

00 

=   111 

In 

10 

54 

27—  56 

46 

56 

5 

56° 

12' 

bo 

=  010 

111 

9 

117 

26—118 

19 

117 

58 

118 

6 

00 

=  111 

TIT 

18 

67 

12—  68 

59 

68 

34 

— 

oo 

=  in 

111 

7 

111 

14—111 

35 

111 

24- 

Ill 

26 

00 

=  111 

ni 

8 

94 

1  —  95 

29 

94 

35 

94 

29 

00 

=  111 

in 

4 

85 

2—85 

37 

85 

20 

85 

31 

pp 

=   110 

TlO 

4 

78 

54—  80 

16 

79 

20 

79 

48 

pp 

=  110 

1TO 

1 

— 

101 

4 

100 

12 

"  The  crystals  are  very  brittle,  and  possess  a  good  cleavage  •  the  latter, 
however,  could  not  be  determined.  On  examining  a  cleavage  fragment 
under  a  very  wide  angle  objective,  one  optic  axis  is  seen  to  emerge  at 
the  edge  of  the  field ;  it  shows  that  the  dispersion  is  inclined,  which  is 
only  possible  in  the  monosymmetric  or  anorthic  system.  The  hemi- 
hedral character  of  the  crystals  is  of  interest,  because  non-superposable 
hemihedrism  is  so  rarely  observed  on  crystals  of  the  natural  alkaloids, 
that  it  has  been  said  not  to  occur.  (Wyrouboff,  Ann.  Chim.  Phys.,  1894 

[vii],  1,  11.) 

"  The  crystalline  form  of  aconitine  has  been  determined  by  Tutton 
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(Trans.,  1891,  50,  288),  who  found  the  crystals  to  be  orthorhombic, 
but  did  not  observe  hemihedrism.  Although  morphotropic  relation- 
ships would  seem  to  exist  between  the  crystalline  forms  of  aconitine  and 
pseudaconitine,  yet  these  can  hardly  be  worked  out  from  the  data  now 
given  for  the  latter  alkaloid  ;  the  following  corresponding  angles  on 
the  two  compounds  seem  to  show  some  similarity. 

Aconitine.  Pseudaconitine. 

100  :  121  60    39'  010  :  111  61°  54' 

010:121  57    42  100:111  55    43 

001  :  121  46    33  001  :  111  47    15" 

The  crystals  melt  with  decomposition  at  201°,  acetic  acid  gradually 
distilling  off;  the  melting  point  is  fairly  sharp  if  the  substance  is  put 
into  the  bath  heated  to  150°  and  the  temperature  slowly  raised. 
Wright  and  Luff  (loc.  cit.)  have  recorded  104-105°  as  the  melting 
point  of  pseudaconitine.  They  state  that  the  alkaloid  contains  1H0O, 
which  is  lost  at  100°,  but  we  have  not  been  able  to  confirm  this 
observation.  Pseudaconitine  dissolves  readily  in  alcohol,  chloroform, 
and  acetone,  less  readily  in  ether,  very  slightly  in  water,  and  scarcely 
at  all  in  light  petroleum. 

Pseudaconitine  is  dextrorotatory.  A  determination  of  the  specific 
rotatory  power,  using  an  alcoholic  solution,  gave 

o=l-12  I  =  2  dm.  a  =  25'  f  =  15°, 

100x25  ,    ,QO  oc- 

whence   aD==  \    36. 


The  ordinary  salts  of  pseudaconitine  are  Isevorotatory,  and  usually 
soluble  in  water  and  alcohol.  Combustions  of  the  alkaloid  made  with 
the  material  dried  at  100°  gave  the  following  results. 

I.  0-2612  gave  0-5964  CO9  and  0-1694  H0O.     C-  62-29  ;  H  =  7-20. 
II.  0-2587       „     0-5975  CO"2     „    0-1484  RA     C  =  62-96  ;  H  =  6-37. 

These  figures  nearly  correspond  with  those  calculated  from  the 
formula  proposed  by  "Wright  and  Luff  (Trans.,  1878,  ii.,  151),  namely, 
CggH^XOjo,  for  which  the  calculated  percentages  are,  for  carbon, 
62'88  ;  for  hydrogen,  7  '13.  Like  aconitine,  pseudaconitine  and  its 
salts,  even  in  very  dilute  solution,  give  rise  to  a  persistent  tingling 
and  numbing  sensation  on  the  tongue,  and  are  highly  poisonous. 
From  preliminary  experiments  on  the  relative  toxicity  of  various 
aconite  alkaloids,  which  have  been  made  at  our  suggestion  by  Dr. 
F  W.  Tunnicliffe,  it  would  appear  that  pseudaconitine  is  slightly 
more  toxic  than  aconitine. 
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Salts  of  Pseudaconitine. 

Pseudaconitine  hydrochloride,  C3(3H49NO1(,,HC1.  —  We  have  not  suc- 
ceeded in  obtaining  this  salt  in  a  crystalline  condition.  It  has  been 
prepared  by  the  direct  action  of  dilute  hydrochloric  acid  on  both 
aqueous  and  alcoholic  solutions  of  the  base,  but  all  attempts  to  crys- 
tallise it  from  water,  alcohol,  or  a  mixture  of  alcohol  and  ether  have 
resulted  in  the  production  of  a  colourless  varnish. 

Pseudaconitine  hydrobromide,  C30H49NO10,HBr.  —  This  salt  is  prepared 
by  dissolving  the  base  in  dilute  hydrobromic  acid  and  evaporating  the 
solution.  A  colourless  varnish  remains,  and  on  adding  a  little  alcohol 
to  this,  the  mass  rapidly  becomes  crystalline.  It  is  best  purified  by 
dissolving  it  in  dry  alcohol  and  adding  dry  ether  until  a  slight  turbidity 
is  produced  ;  it  then  separates  in  large,  cubical  crystals  often  arranged 
in  rosettes.  The  salt  readily  dissolves  in  alcohol  and  water  but  is 
insoluble  in  ether  and  light  petroleum.  The  crystals  contain  2H2O, 
which  are  expelled  on  drying  at  100-103°.  The  dried  substance  melts 
at  191°.  The  water  of  crystallisation  was  estimated  by  heating  at 
100-103°  in  an  air  bath. 

0-546  lost  0-0263  =  4-8  per  cent.  H2O. 

Determinations  of  the  bromine  in  the  undried  and  in  the  dried 
substance  gave  the  following  figures. 

0-3379  undried  salt  gave  0-0751  AgBr.     Br  =  9-44. 
0-5197  dried  salt  gave  0-1227  AgBr.     Br=  10-05. 
C36H49NO12,HBr  +  2H2O  requires  H2O  =  4-5,  Br  =  9'95  per  cent. 
C36H49N012,HBr  requires  Br=  10-3  per  cent. 

An  aqueous  solution  of  the  salt  is  Itevorotatory  ;  the  determination 
of  the  specific  rotatory  power  led  to  the  following  result. 

a[15°]=  -  15'-6  1  =  2  dm.  c  =  0-6635, 

100  v  15'6 

' 


Pseudaconitine,  therefore,  resembles  aconitine  in  being  a  dextro- 
rotatory base  whose  salts  are  Isevorotatory. 

Pseudaconitine  hydriodide,  C36H49NO12,HI.  —  This  salt  is  precipi- 
tated in  an  amorphous  condition  when  aqueous  potassium  iodide  is 
added  to  an  aqueous  solution  of  pseudaconitine  hydrobromide. 
Although  at  first  amorphous,  the  precipitate  rapidly  becomes  crystalline  ; 
it  may  readily  be  purified  by  recrystallisation  from  a  mixture  of  alcohol 
and  ether. 

Pseudaconitine  nitrate,  C3GH49N012,HNO3.  —  This  salt  was  prepared 
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by  Wright  and  Luff  (foe.  cit.)  by  dissolving  the  base  in  dilute  nitric  acid 
and  precipitating  the  nitrate  by  adding  strong  nitric  acid,  in  which  it 
is  only  sparingly  soluble  ;  this  method,  however,  is  not  to  be  recom- 
mended, as  strong  nitric  acid  is  very  apt  to  decompose  the  alkaloid. 
By  dissolving  the  alkaloid  in  dilute  nitric  acid  to  exact  neutrality,  and 
evaporating  to  dryness,  the  nitrate  is  obtained  as  an  amorphous  varnish. 
which  crystallises  at  once  on  the  addition  of  alcohol  ;  it  is  readily 
purified  by  crystallisation  from  a  mixture  of  alcohol  and  ether,  and 
when  pure  may  be  crystallised  from  water.  The  dried  salt  melts  at 
192"  and  effervesces  at  a  slightly  higher  temperature  ;  the  melting 
point  is  fairly  sharp  if  the  substance  is  put  into  the  bath  at  155  and 
slowly  heated.  The  water  of  crystallisation  was  determined  by  heating 
the  powdered,  air-dried  salt  at  100-105°. 

0-1975  lost  0-014  H,O.     H.,O  =  7-0  per  cent. 

C36H49XO1.2,HXO3  +  3H.2O  requires  H.,O  =  6-7  per  cent. 

Its  solubility  in  water  at  15"  was  determined.  5  c.c.  of  a  solution 
saturated  at  this  temperature  yielded,  on  evaporation,  0-209  gram  of 
salt.  100  c.c.  of  water  at  15",  therefore,  dissolve  4'18  grams  of  salt. 


or'  P*-  ttdaeawitiius. 

"We  have  previously  pointed  out  (to--.  <-it.)  that,  in  addition  to  the 
pseudaconine  and  veratric  acid,  observed  by  Wright  and  Luff,  acetic 
acid  is  formed  by  the  hydrolysis  of  pseudaconitine,  and  we  have  also 
shown  that  the  hydrolysis  may  occur  in  two  stages.  To  determine  the 
first  stage  only  in  the  hydrolysis,  namely,  the  elimination  of  acetic 
acid  with  the  formation  of  veratrylpseudaconine,  it  is  best  to  employ 
a  process  similar  to  that  which  was  found  to  answer  in  the  case  of 
aconitine.  A  neutral  aqueous  solution  of  a  pseudaconitine  salt,  pre- 
ferably the  sulphate,  is  heated  in  a  sealed  tube  at  135'  for  3  hours, 
the  amount  of  acetic  acid  formed  is  determined  by  direct  titration  with 
N/10  alkali,  and  the  alkaloid,  after  being  liberated  by  the  addition  of 
sodium  carbonate,  is  dissolved  by  shaking  with  ether. 

A  -olution  containing  0-168  gram  of  alkaloid  (as  salt),  after  this 
treatment,  required  for  neutralisation  4-3  c.c.  of  X  10  alkali  =  7'5  per 
cent,  of  acetic  acid,  which  is  slightly  lower  than  that  calculated  for 
one  molecular  proportion,  namely,  8-7  per  cent. 

Analysis  of  the  silver  salt  of  this  acid  showed  that  it  contained 
64-56  per  cent,  of  silver.  Silver  acetate  contains  64-66  per  cent.  The 
formation  of  veratrylpseudaconine  may  thus  be  represented  by  the 
following  equation. 

C^H^XOi,     +     H2O  CMH47NOU     +     CH3-COOH. 

Pseudaconitine  Veratrylpseudaconine 
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Veratrylpseudaconine. 

The  pure  base  crystallises  from  ether  in  large,  irregular  crystals, 
which  are  nearly  insoluble  in  water  and  in  light  petroleum,  but  readily 
soluble  in  ether,  alcohol,  and  chloroform.  They  melt  at  199°  when 
put  into  the  bath  at  150°.  A  solution  of  the  base  is  Isevorotatory.  A 
determination  of  the  specific  rotatory  power  in  alcoholic  solution  led 
to  the  following  results. 

<=16°          a=-l°16'     c=  1-5035         1  =  2-2  dm., 


Veratrylpseudaconine,  therefore,  unlike  its  analogue  benzaconine, 
exhibits  rotatory  power  of  the  opposite  sign  to  that  of  its  parent  base. 
Aconitine  and  benzaconine  are  both  dextrorotatory,  whilst  pseud- 
aconitine  is  dextrorotatory  and  Veratrylpseudaconine  Irevorotatory. 

Combustions  of  the  base,  dried  at  100-103°,  furnished  the  following 
results,  showing  it  to  be  a  monhydrate. 

I.   Carbon  61  -44;  hydrogen  7'15  per  cent. 
II.        „       61-01;         „          7-05    „      „ 

Calculated  for  C34H4rNOn,H2O:  Carbon  61 '54;  hydrogen  7-39  per 
cent. 

This  alkaloid  and  its  salts  have  a  very  bitter  taste,  but  produce  no 
tingling  sensation,  and  do  not  appear  to  be  poisonous. 

Veratrylpseudaconine  Hydrobromide,  C34H4rNOn,HBr. — This  salt 
separates  from  a  mixture  of  alcohol  and  ether  in  large,  prismatic 
crystals  which  contain  3H0O. 

0-3478  salt  lost  0-0264  H2O  at  100°.     H20  =  7-5. 

0-3478    „    gave  00842  AgBr.     Br=  11-21. 

C34H47NOn,HBr  +  3H2O  requires  H20  =  6-95  ;  Br-  11-02  per  cent. 

The  salt  is  soluble  in  water,  alcohol,  and  chloroform. 

Veratrylpseudaconine  nitrate,  C34H47NOn,HNO3,  crystallises  from  a 
mixture  of  alcohol  and  ether  in  rhombic  prisms  arranged  in  rosettes. 
In  melting,  two  fairly  sharp  points  may  be  noticed,  one  at  222°, 
when  softening  and  change  commences,  and  at  232°,  when  the  salt 
melts  sharply  with  decomposition.  Combustion  of  the  anhydrous 
salt  gave  C  =  57-34;  H  =  6-40  per  cent.  C34H47NOn,HNO3  requires 
C  =  57'62;  H  =  6-77  per  cent. 

Veratrylpseudaconine  aurichloride,  C34H47NOn,HAuCl4,  is  thrown 
down  as  a  pale  yellow,  amorphous  precipitate  when  auric  chloride  is 
added  to  a  solution  of  the  hydrochloride.  It  is  insoluble  in  water, 
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ether,  and  light  petroleum,  but  readily  soluble  in  ethylic  and  methylic 
alcohols,  chloroform,  and  acetone  ;  it  could  not  be  crystallised  from 
any  of  the  last-mentioned  solvents  alone,  or  on  the  addition  of  any  of 
the  former  to  them. 

Pseitdacon  ine. 

The  second  stage  of  the  hydrolysis  by  which  veratrylpseudaconine 
passes  into  veratric  acid  and  pseudaconine,  may  be  best  effected  by 
adding  alcoholic  soda  to  an  alcoholic  solution  of  pseudaconitine,  or 
veratrylpseudaconine.  Hydrolysis  takes  place  rapidly,  and  is  complete 
in  about  2  hours.  Dilute  sulphuric  acid  is  then  added,  the  filtrate 
evaporated,  the  veratric  acid  extracted  from  the  acidified  solution  by 
ether,  and  the  pseudaconine  by  chloroform,  after  rendering  the  solution 
alkaline  with  ammonia. 

0*214:3  gram  of  alkaloid  gave  0-0556  gram  of  veratric  acid  =  25-94 
per  cent.  Calculated  for  one  molecular  proportion,  26-49  per  cent. 

The  acid  melts  at  17s  and  exhibits  the  other  properties  of  di-methyl- 
protocatechuic  acid  (veratric  acid).  This  stage  of  the  hydrolysis  may, 
therefore,  be  represented  by  the  equation  — 


H17XOn   +   H2O  -  CtfH3(OCH3)2-COOH   +   C  .H    \ 

Veratrylpseudaconine  Veratric  acid  Pseudaconine. 


('//-  is  an  amorphous,  hygroscopic  base  readily  soluble  in 
water,  chloroform,  alcohol,  and  acetone,  and  less  readily  in  ether.  Its 
aqueous  solution  is  strongly  alkaline  to  litmus.  All  attempts  to 
crystallise  the  base  uncombined  with  its  solvent  have  been  unsuccess- 
ful, though  crystalline  additive  compounds  (with  alcohol,  acetone,  etc.) 
have  been  obtained. 

An  aqueous  solution  of  pseudaconine  is  dextrorotatory.  The  specific 
rotatory  power  of  an  aqueous  solution  was  determined  with  the  follow- 
ing results. 

o[203]  =  +32'-5         c  =  0-896         I  ='2  dm.. 

f  T      100x0-541 
whence   aD  =  .  =+30   6. 


Pseudaconine  hydrochloride,  C.,-H3<JXOS,HC'],  was  prepared  by  dis- 
solving the  base  in  dilute  hydrochloric  acid  to  neutrality.  Many 
attempts  made  to  crystallise  this  salt  from  various  solvents  were 
unsuccessful,  although,  on  one  occasion,  crystals  were  obtained  from 
an  alcoholic  solution  which  had  stood  for  six  months  ;  these  were 
prisms  and  melted  at  68\ 

Psf.''.'  hydrobromide,  C05H39NOs,HBr.  was  prepared  in  the 

same  manner  as  the  hydrochloride,  but  it  could  not  be  crystallised. 
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Pseudaconine  nitrate,  C25H39NO8,HNO3,  was  prepared  by  the  direct 
action  of  dilute  nitric  acid  on  the  base,  and  also  by  double  decomposi- 
tion between  silver  nitrate  and  the  hydrochloride,  and  barium  nitrate 
and  the  sulphate.  It  was  always  obtained  in  an  amorphous  state. 

Pseudaconine  sulphate,  (C25H39N08).,,H2SO4,  was  prepared  by  acting 
on  pseudaconine  with  dilute  sulphuric  acid,  but  this  salt  could  not  be 
crystallised. 

Pseudaconine  aurichloride,  C._,:iH39NO8,HAuCl4,  is  precipitated  when 
auric  chloride  is  added  to  a  concentrated  solution  of  pseudaconine 
hydrochloride.  It  is  a  yellow,  amorphous  precipitate  sparingly  soluble 
in  water,  and  could  not  be  crystallised  from  any  of  its  solutions. 
When  light  petroleum  is  used,  the  yellow  colour  of  the  solution  is  dis- 
charged and  it  becomes  colourless,  although  no  gold  is  precipitated. 
This  change,  in  other  cases,  has  been  observed  to  be  due  to  the  produc- 
tion of  an  aurichlor-derivative  by  loss  of  hydrogen  chloride  from  the 
aurichloride.  We  have  so  far  failed  to  crystallise  an  aurichlorpseud- 
aconine  from  this  solution. 

Pyropseudaconitine. 

As  previously  recorded  by  us,  when  pseudaconitine  is  heated  slightly 
above  its  melting  point,  it  effervesces  and  loses  acetic  acid.  A  deter- 
mination of  the  amount  of  acetic  acid  which  distils  under  these 
circumstances,  proved  that  one  molecular  proportion  of  acetic  acid  is 
expelled  ;  analysis  of  the  silver  salt  of  the  acid  proved  it  to  be  silver 
acetate.  The  reaction  may  therefore  be  represented  by  the  following 
equation. 

C36H49N012  C2H402     +     C34H45N010 

Pseudaconitine  Pyropseudaconitine 

Pyropseudaconitine,  an  anhydride  of  veratrylpseudaconine,  is  obtained 
from  the  residue  by  solution  in  dilute  acid,  and  is  purified  by  fractional 
precipitation  from  this  solution  with  dilute  ammonia.  The  colourless 
fractions  are  dissolved  in  dilute  acid,  precipitated  by  ammonia,  and 
the  pure  base  extracted  from  the  alkaline  solution  by  ether.  The  base 
so  far  has  only  been  obtained  as  an  amorphous  varnish,  nearly  insoluble 
in  water,  but  readily  soluble  in  alcohol,  chloroform,  and  ether.  Its 
salts  appear  to  crystallise  well ;  they  have  a  bitter  taste,  but  produce  no 
tingling,  and  do  not  seem  to  be  poisonous.  The  hydriodide  crystallises 
in  prisms. 

Although,  in  publishing  our  preliminary  notice  of  pseudaconitine,  we 
stated  that  we  were  engaged  in  a  complete  investigation  of  the  alkaloid, 
this  did  not  prevent  Herr  Martin  Freund  from  examining  the  alkaloid, 
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and,  nine  months  after  the  appearance  of  our  paper  in  the  Proceedings 
of  this  Society,  publishing  in  the  "  Berichte "  (Ber.,  29,  6,  852)  an 
account  of  his  and  Herr  Xiederhoffheim's  experiments  on  the  subject. 
Thev  adopt  Wright's  formula  for  the  alkaloid,  and  confirm  our  con- 
clusion that  pseudaconitine,  like  aconitine,  contains  an  acetyl  group. 
For  the  rest,  they  record  melting  points  which  differ  somewhat  from 
those  previously  recorded  by  us,  but  since  these  points  are  in  most 
cases  decomposing  points,  and'depend  on  the  conditions  under  which 
the  observations  are  made,  no  real  importance  attaches  to  these 
discrepancies. 

As  to  their  assertion  that  pseudaconine  is  the  anhydride  of  the 
aconine  derived  from  aconitine,  it  is  to  be  observed  that  this  statement 
is  based  solely  on  the  numerical  coincidence  that  the  formula  for  pseud- 
aconine deduced  from  Wright's  formula  for  pseudaconitine,  namely, 
0  H  -.^"Og,  differs  by  one  molecule  of  water  from  the  formula  which 
Freund  has  suggested  for  aconine  (C05H41XO9).  But,  as  we  have  else- 
where pointed  out,  Freund's  new  formulse  for  aconitine  and  its  deriva- 
tives cannot  at  present  be  accepted  as  proved,  and  we  have  so  far 
seen  no  reason  to  depart  from  a  formula  for  aconitine,  differing  very 
slightly  from  that  originally  suggested  by  "Wright,  which  does  not 
allow  of  pseudaconine  (C.,5H39X08)  being  regarded  as  the  anhydride  of 
aconine  (C.,4H3<pv  O10).  As  a  matter  of  fact,  we  have  already  described 
an  anhydride  of  aconine  (pyraconine)  whose  properties  are  very  different 
from  those  of  pseudaconine. 

We  have  pleasure  in  acknowledging  the  skilful  help  afforded  us  in 
the  early  stages  of  this  work,  in  the  Research  Laboratory  of  the  Phar- 
maceutical Society,  by  Mr.  H.  T.  Durant. 


Contributions  to  our  Knowledge  of  the  Aconite  Alkaloids. 

Part  XV.   On  Jopaconitine  and  the  Alkaloids  of 

Japanese  Aconite.1 

By  WYNDHAM  R.  DUXSTAN  and  HAROLD  M.  READ. 

THE  examination  of  the  physiologically  active  alkaloid  which  exists  in 
Japanese  aconite  roots  has  already  formed  the  subject  of  several  com- 
munications to  this  and  other  societies ;  but  in  view  both  of  the  con- 
flicting statements  as  to  its  composition  and  relationship  to  aconitine 

1  Reprinted  from  the  Journal  of  the  Chemical  Society,  1900,  77,  45. 
II.  E 
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and  of  the  more  recent  work  which  has  been  carried  out  by  one  of  us 
on  aconitine  and  pseudaconitine  (the  crystalline,  toxic  alkaloids  of 
Aconitum  Napellus  and  A.ferox  respectively),  it  was  thought  desirable 
that  the  investigation  should  be  extended  to  the  alkaloids  of  Japanese 
aconite. 

Japanese  aconite  roots  seem  to  have  come  into  commerce  about 
twenty  years  ago ;  they  are  now  imported  regularly,  and  are  regarded 
as  more  toxic  than  those  of  A.  Napellus.  An  exhaustive  report  by 
Dr.  A.  Langgaard  on  "  Japanese  and  Chinese  Aconite  Roots  "  was 
published  in  1881  (Arch.  Pharm.,  18,  161),  and  from  this  it  appears 
that,  although  the  native  practitioner  employs  many  varieties  of  aconite, 
that  most  frequently  used  and  exported  is  "Kuza-Uzu,"  which  has 
been  identified  by  various  authorities  as  A.  chinense,  A.  Fischeri,  and 
A.  Lycoctonum  respectively. 

A  crystalline  alkaloid  was  first  obtained  from  Japanese  aconite  roots 
by  Paul  and  Kingzett  (Pharm.  J.,  1877  [iii],  8,  173).  The  alkaloid 
was  soluble  in  ether,  insoluble  in  water,  and  formed  uncrystallisable 
salts.  From  the  results  of  a  single  combustion  for  carbon  and  hydro- 
gen, and  one  nitrogen  determination,  the  formula  C29H43OQN  was 
adopted.  This,  however,  was  not  controlled  by  the  analysis  of  the 
platinum  salt.  This  alkaloid  was  said  not  to  suffer  hydrolysis  into 
benzoic  acid  and  a  basic  substance. 

In  1879,  Wright,  Luff,  and  Menke  extended  their  investigations  of 
the  alkaloids  of  other  aconites  to  those  of  Japanese  aconite.  The 
general  results  of  their  work  (Trans.,  1879,  35,  387)  may  be  briefly 
stated  as  follows — 

1.  The   roots    imported   from   Japan   were   considerably   richer   in 
active  crystalline  alkaloids,  as  well  as  in  non-crystalline  bases,  than 
A.  Napellus. 

2.  Only  one  crystalline  alkaloid,  named  japaconitine,  was  present. 
This  melted  at  184-186°,  and  the  formula  C66H88O21lSr2  was  proposed, 
the  base  being  regarded  as  the  sesqui-apo-derivative  of  a  parent  sub- 
stance having  the  formula  C33H47O12N. 

3.  Japaconitine  formed  readily  crystallisable  salts,  especially  with 
nitric,  hydrochloric,  and  hydrobromic  acids.     The  hydrobromide  has 
the  formula  C66H88O21N2,2HBr  +  5H2O. 

4.  The  alkaloid  could  be  entirely  extracted  from  the  roots  by  means 
of  alcohol  alone. 

5.  When  hydrolysed,  japaconitine  furnished  benzoic  acid  and  a  new 
base,  japaconine,  which  was  amorphous,  and  formed  amorphous  salts. 

6.  When  either  the  parent  base  or  the  hydrolytic  base  is  benzoyl- 
ated,  a  derivative  was  formed  containing  four  benzoyl  groups  for  every 
C33  originally  present. 
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For  the  hypothetical  parent  base,  the  formula 
(C7H50-0)C26H3907N(OH)3 

was  proposed,  whilst  japaconitine,  being  the  sesqui-apo-derivative,  was 
given  the  formula 


In  1885,  K.  F.  Mandelin  examined  a  specimen  of  japaconitine  pre- 
pared by  Merck,  and  stated  that  the  alkaloid  from  Japanese  roots 
agreed  in  chemical  and  physical  behaviour  with  aconitine  derived  from 
A.  Xapdlus. 

Liibbe  (Chem.  Centr.,  1890,  ii,  148)  arrived  at  the  same  conclusion, 
working  with  material  which  he  extracted  from  "  kuza-uzu  "  roots  im- 
ported direct  from  Japan.  The  alkaloid  which  he  isolated  crystallised 
in  rhombic  prisms  melting  at  183-184'.  It  must  be  noted  that  the 
proof  of  the  identity  of  his  base  with  that  obtained  from  A.  Napellus 
by  Wright  rests  on  the  results  of  a  single  combustion. 

Still  more  recently,  Freund  and  Beck  (Ber.t  1894,  27,  723)  have 
stated  that  "  they  have  no  doubt  of  the  identity  of  the  alkaloid  from 
both  sources/'  although  they  do  not  give  any  details  of  the  work  which 
led  them  to  this  conclusion. 

The  roots  from  which  we  have  extracted  the  alkaloid  used  for  this 
investigation  were  purchased  in  commerce  as  Japanese  aconite  roots. 
Mr.  E.  M.  Holmes,  F.L.S.,  Curator  of  the  Pharmaceutical  Society's 
Museum,  kindly  examined  a  specimen  of  these,  and  informed  us  that 
they  are  undoubtedly  ordinary  Japanese  roots,  such  as  described  by 
Langgaard  (loc.  cit.,  and  Pharm.  «/.,  1881  [iii],  11,  1043),  and  known 
in  Japan  as  "kuza-uzu." 

I.  JAPACONITIXE. 
Extraction  of  the  Alkaloid. 

We  have  extracted  the  alkaloid  by  the  following  method.  The 
finely-ground  root  is  percolated  with  a  mixture  of  amyl  alcohol  and 
wood  spirit,  in  the  proportion  of  1  part  of  the  former  to  5  of  the  latter. 
The  complete  exhaustion  takes  a  considerable  time. 

The  wood  spirit  is  distilled  from  the  mixture  under  reduced  pressure 
on  a  water-bath,  the  temperature  of  which  is  kept  below  60°  ;  the 
residual  solution  of  the  alkaloids  in  amyl  alcohol  is  extracted  with 
dilute  (0-5  per  cent.)  sulphuric  acid,  and  the  latter  thoroughly  washed 
with  ether  to  remove  all  traces  of  amyl  alcohol.  The  alkaloid  is  now 
fractionally  precipitated  by  sodium  carbonate  or  ammonia  from  the 
aqueous  solution  of  the  sulphate,  and  is  extracted  by  shaking  with 
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ether.  When  the  'whole  of  the  bases  soluble  in  ether  have  been 
removed,  the  extraction  is  continued  with  chloroform. 

The  aqueous  mother  liquors  still  contain  a  small  quantity  of  alkaloid, 
a  certain  proportion  of  which  may  be  removed  by  saturating  the  solu- 
tion with  sodium  sulphate  and  then  shaking  with  chloroform. 

The  ethereal  solution  is  now  washed  with  water  to  remove  traces  of 
alkali,  and  calcium  chloride  is  added.  The  latter  serves  a  double 
purpose  in  precipitating  most  of  the  colouring  matter  extracted  by  the 
ether,  and  at  the  same  time  drying  the  solution.  Since  the  calcium 
chloride  does  not  show  any  tendency  to  combine  with  the  alkaloid, 
this  method  is  very  advantageous  in  avoiding  a  great  deal  of  subse- 
quent purification.  The  dried  and  filtered  solution  is  carefully  dis- 
tilled, and,  when  sufficiently  concentrated,  the  nearly  pure  japaconitine 
crystallises  out  in  minute,  colourless  rosettes  of  prismatic  needles. 
From  the  mother  liquor,  a  further  quantity  of  crystalline  japaconitine 
may  be  obtained.  The  best  method  for  working  up  the  solution  in 
chloroform  is  to  wash  it  with  water  to  remove  traces  of  alkali, 
evaporate  to  a  small  volume,  drive  off  the  residual  chloroform  with  a 
current  of  air,  and  then  to  add  ether  to  the  pale-brown  varnish  which 
remains.  The  greater  part  of  the  varnish  dissolves  in  the  ether,  and 
on  pouring  off  and  evaporating  the  latter  solution,  more  crystalline 
japaconitine  is  obtained.  The  extract  left  undissolved  by  the  ether 
will  be  described  later  (see  page  67). 

Properties  of  Japaconitine. 

The  crystalline  base  obtained  in  this  manner  melts  at  about 
195-196°.  For  the  final  purification,  it  is  converted  into  a  salt, 
preferably  the  hydrobromide,  by  dissolving  in  the  diluted  acid  and 
evaporating  the  neutral  solution  in  a  vacuous  desiccator  until  crystals 
form.  The  crystallisation  may  be  considerably  hastened  by  well 
stirring  the  solution  with  a  glass  rod.  We  have  found  that,  in  evapor- 
ating the  solution,  it  is  well  to  avoid  entirely  the  aid  of  heat,  since  the 
saving  of  time  effected  is  more  than  counterbalanced  by  the  discolora- 
tion of  the  resulting  salt.  Having  recrystallised  the  salt,  either  from 
water  or  from  a  mixture  of  alcohol  and  ether,  until  the  melting  point 
remains  unchanged,  the  base  may  be  regenerated  in  the  usual  manner. 

When  thus  purified,  japaconitine  crystallises  from  ether,  alcohol, 
or  chloroform  in  colourless  rosettes  of  anhydrous  needles.  The  base 
recrystallised  from  ether  was  analysed. 

0-5518  lost  0-002  after  30  minutes  at  100°.     Loss  =0-362  per  cent. 
0-6267    „   0-0003   „    90          „          100°.     Loss  =0-047 

The  base  therefore  does  not  combine  with  the  solvent. 
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Many  attempts  were  made  to  obtain  large  crystals  for  crystallo- 
graphic  measurement,  but  these,  unfortunately,  have  been  unsuccessful. 

This  difficulty  in  obtaining  large  crystals  of  japaconitine  contrasts 
sharply  with  the  ease  with  which,  by  the  same  methods,  the  well- 
defined,  hexagonal  prisms  so  characteristic  of  aconitine  are  obtained. 
The  largest  japaconitine  crystals  we  have  succeeded  in  preparing  were 
obtained  by  the  gradual  precipitation  of  a  solution  in  dry  chloroform 
with  light  petroleum.  These  were  kindly  examined  for  us  by  Mr.  W. 
J.  Pope,  who  describes  them  as  follows — 

"  The  crystals  of  japaconitine  are  very  small,  transparent,  colourless 
needles  possessing  a  brilliant  lustre  ;  the  sides  of  the  needles  are  made 
up  of  two  pairs  of  parallel  prism  faces.  A  number  of  measurements 
of  the  prism  angle  showed  this  to  have  the  value  77'  35'-77~  54';  no 
measurements  in  which  the  end  faces  of  the  needles  were  involved 
could  be  made  owing  to  the  minute  size  of  these  end  faces. 

'•  The  extinction  in  the  prism  faces  is  straight,  and  on  examination 
in  convergent  light  the  interference  figure  of  a  uniaxial  substance,  or 
of  a  biaxial  substance  with  a  very  small  optic  axial  angle,  is  seen 
emerging  in  the  angle  between  the  prism  faces  ;  the  double  refraction 
is  negative  in  sign.  On  examining  the  crushed  crystals  microscopically, 
pieces  may  sometimes  be  found  in  which  the  optic  axial  interference 
figure  occupies  the  centre  of  the  field ;  some  pieces  show  a  uniaxial 
figure,  whilst  in  others  the  interference  figure  is  biaxial  with  a  very 
small  optic  axial  angle. 

"  On  comparing  the  above  description  with  that  of  aconitine  given  by 
Tut  ton  (Trans.,  1891,  59,  288),  or  of  pseudaconitine  by  Pope  (Trans., 
1897,  71,  352),  no  points  of  similarity  are  traceable;  it  must  therefore 
be  concluded  that  japaconitine  is  crystallographically  different  from 
both  aconitine  and  pseudaconitine." 

Japaconitine  is  very  soluble  in  acetone,  wet  alcohol,  and  chloroform, 
and,  when  amorphous,  in  dry  alcohol  and  in  ether.  When  crystalline, 
it  slowly  dissolves  in  boiling  ether  and  alcohol.  It  is  almost  insoluble 
in  dry  light  petroleum,  and  is  but  slightly  soluble  in  water.  It  is 
readily  crystallised  by  the  addition  either  of  water  to  its  solution  in 
alcohol  or  acetone,  or  of  petroleum  to  its  solution  in  chloroform,  or  in 
alcohol  and  ether. 

The  pure  base  melts  at  204-53  (corr.)  to  a  clear,  pale  yellow  liquid, 
which,  a  few  seconds  later,  effervesces  rapidly  with  the  evolution  of 
acetic  acid. 

Specific  Rotation  of  Japaconitine. 

Liibbe  (Joe.  cit.)  has  stated  that  a  3  per  cent,  alcoholic  solution  of 
japaconitine  is  inactive.  We  find,  on  the  contrary,  that  both  alcoholic 
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and  chloroform  solutions  are  dextrorotatory,  like  those  of   aconitine 
(Dunstan  and  Ince,  Trans.,  1891,  59,  281). 

(1)  In  chloroform.     [a]D=    +  20-26°  (mean). 

a™°=    +0-622°;  Z=2dcm.;  c=  1-602;  [a]T  =+19-41°. 
a15°=    +0-6°;  Z  =  2dcm. ;  c  =  l-42;  [a]lf  =+21-12°. 

(2)  In  alcohol.     [a]n=   +23-6°. 

a18'5°=    +17°  2';  Z=2dcm.;  c  =  0'605;  [a]l8D5°  =    +23-6°. 

The  specific  rotatory  power  of  japaconitine  is  therefore  much  greater 
than  that  of  aconitine,  which  is  only  +11°  in  alcohol  (Dunstan  and 
Ince,  loc.  cit.),  whilst  in  chloroform  we  find  it  to  be  + 14-61°  at  18°. 


Determination  of  Methoxyl  Groups  in  Japaconitine. 

The  number  of  methoxyl  groups  in  the  base  was  estimated  in  the 
usual  manner,  using  a  slight  modification  of  Zeisel's  method. 

0-1806  gave  0-268  Agl.     CH3O  =  19-58. 
0-1852     „     0-279  Agl.     CH3O  =  19-87. 

C30H37O7N(OCH3)4  requires  CH30=  19-16  per  cent. 

Japaconitine,  therefore,  like  aconitine,  contains  four  methoxyl  groups. 


Combustions  of  Japaconitine. 

The  pure  base  was  burnt  in  a  current  of  oxygen,  using  cupric  oxide 
and  a  silver  spiral. 

0-2857  gave  0-6534  CO9  and  0-2005  H0O.     C  =  62-37  ;  H  =  7-79. 

0-2814     „     0-6410  CO2"    „    0-1790  H.~O.     0  =  62-12 ;  H  =  7-06. 

0-1888     „     0-4338  CO,    „    0-1198  H.,O.     0  =  62-66 ;  H  =  7-05. 

0-2049     „     0-4740  CO"    „    0-1322  H^O.     0  =  63-09 ;  H  =  7-16. 
Mean,  0  =  62-56  ;  H  =  7:26  per  cent. 

Two  combustions  for  nitrogen  by  the  absolute  method,  using  lead 
chromate,  furnished  the  following  data — 

0-3035  gave  8-892  mg.  moist  nitrogen.     N  =  2-92. 
0-3105     „      7-864  mg.  moist  nitrogen.     N  =  2'53. 

C34H49OnN  requires  0  =  63-06 ;  H  =  7'57  ;  N  =  2-16  per  cent. 

We  therefore  adopt  this  formula  provisionally  as  best  representing  the 
composition  of  japaconitine.  This  formula  differs  only  very  slightly 
from  that  proposed  for  aconitine  by  Freund  and  Beck  (Ber.,  1894,  27, 
433). 
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Salts  of  Japaconitine. 

Japaconitine,  like  aconitine,  furnishes  a  number  of  well-crystallised 
salts. 

Japaconitine  hydrochloride  is  readily  obtained  by  dissolving  the  pure 
base  in  dilute  hydrochloric  acid,  the  solution  being  left  faintly  acid 
to  litmus.  The  salt  crystallises  out  in  plates  melting  at  149-150°. 
When  crystallised  by  dissolving  in  alcohol  and  precipitating  with 
ether,  lustrous  rosettes  of  hexagonal  plates,  melting  at  149-150', 
are  obtained.  The  salt  crystallised  from  aqueous  alcohol  and  ether 
contains  three  molecular  proportions  of  water. 

0-7800  lost  0-0640  after  H  hours  at  105-110°.     Loss  =  8-2. 

0-3230  gave  0-0604  AgCl."   Cl  =  4-62. 

C34H49OUN,HC1  +  3H,O  requires  Cl  =  4'81 ;  H,O  =  7-3  per  cent. 

It  has  already  been  shown  (Dunstan  and  Ince,  loc.  cit.,  Dunstan  and 
Carr.  Trans.,  1897,  71,  350)  that  although  aconitine  and  pseudaconitine 
are  dextrorotatory,  their  salts  are  Isevorotatory.  Japaconitine  also 
exhibits  this  peculiarity. 

The  tri-hydrated  salt  dissolved  in  water  was  used  for  the  following 
determ  ination — 

a;:°  =    -1-466°;  7  =  2  dcm.;  c  =  3-076;  [a]1;,0  =    -  23'8°. 

A  determination  of  the  specific  rotation  of  aconitine  hydrochloride 
was  made  at  the  same  temperature  for  comparison — 

ai:°=    -1-433°;  1  =  2  dcm.  ;  c  =  2-315;  [a]'i°=    -30-9°. 

Japaconitine  hydrohromide  crystallises  readily  from  water,  or  from 
alcohol  and  ether.  The  crystals  deposited  from  the  latter  solvents 
are  very  similar  to  those  of  the  hydrochloride,  being  rosettes  of 
hexagonal  plates.  When  dried,  the  salt  melts  at  172-173." 

The  salt  crystallised  from  aqueous  alcohol  and  ether  contains  four 
molecular  proportions  of  water. 

1-2860  lost  0-1044  after  2  hours  at  105-110°.     Loss  =8-11. 
0-3320    „    0-0278     „  „  100-110°.     Loss  =8-37. 

0-3060  gave  0-0726  AgBr.     Br  =  10-09. 
C84Hl9O11N,HBr  +  4H2O  requires  Br  =  10-00;  H2O  =  9-00  percent. 

Japaconitine  hydriodide  crystallises  from  water  in  minute  rosettes 
melting  at  195-197°.  "When  recrystallised  from  alcohol  and  ether, 
the  salt  melts  at  207 -5-208-5°. 

Japaconitine  nil  rate  crystallises  from  water  in  minute  rosettes  of 
needles  melting  at  173-177°. 
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When  recrystallised  from  alcohol  and  ether,  the  salt  contains  one 
molecular  proportion  of  water  and  melts  at  194°,  effervescing  sharply 
at  199°.  The  water  of  crystallisation  is  not  lost  until  the  salt  is  heated 
to  115-120°. 

After  being  dried  at  100°, 

0-5315  lost  O'Ol  at  115-120°  for  1|  hours.     Loss  =1-9  per  cent. 

The  hydrated  salt  gave  the  following  numbers  on  analysis — 

0-1 762  gave  0-3620  C02  and  0-11 45  H0O.     C  =  56-03;  H  =  7'22. 
C34H49OnN,HNO3  +  H2O  requires   0  =  56-04;    H  =  7'14;   H2O  =  2'47 

per  cent. 

Japaconitine  thiocyanate  is  prepared  by  adding  an  aqueous  solution 
of  ammonium  thiocyanate  to  an  aqueous  solution  of  Japaconitine 
hydrochloride.  The  crystalline  salt,  melting  at  120°,  is  immediately 
precipitated  if  the  alkaloidal  solution  is  strong.  When  dissolved  in 
alcohol  and  precipitated  with  water,  the  salt  crystallises  in  lustrous 
needles.  These  melt  at  190-192°.  Aconitine  thiocyanate,  crystallised 
from  water,  melts  at  145° ;  crystallised  from  alcohol  and  ether,  it  melts 
at  193-195°. 

Japaconitine  aurichloride  is  obtained  as  a  bulky,  amorphous,  canary- 
yellow  precipitate  by  the  addition  of  an  aqueous  solution  of  auric 
chloride  to  an  aqueous  solution  of  Japaconitine  hydrochloride  slightly 
acidified  with  hydrochloric  acid.  The  precipitate  is  quickly  filtered, 
washed  with  water  until  the  washings  are  neutral,  and  then  dried  in  a 
vacuum.  The  amorphous  aurichloride  is  readily  soluble  in  alcohol, 
chloroform,  or  acetone,  slightly  soluble  in  water.  A.  few  minutes  after 
the  amorphous  salt  is  dissolved  in  a  little  alcohol,  the  greater  part  of 
it  separates  in  minute,  golden-yellow,  opaque  needles  which  melt  at 
231°  (uncorr.).  The  same  salt  may  be  prepared  by  precipitating  (1) 
methyl  or  ethyl  alcohol,  or  acetone  solutions  with  ether  or  with  water, 
(2)  chloroform  solutions  with  ether  or  with  ether  and  petroleum.  In 
each  case,  crystalline  Japaconitine  aurichloride,  melting  at  231°,  is 
obtained. 

On  two  occasions  we  have  obtained  yellow  crystals  of  an  auri- 
chloride melting  at  a  much  lower  temperature.  First,  by  dissolving 
the  amorphous  salt  in  dry  chloroform  and  allowing  the  solvent  to 
evaporate  spontaneously,  yellow  prisms  separated.  These  melted  in- 
distinctly at  152-154°.  They  were  recrystallised  by  dissolving  in 
chloroform  and  precipitating  with  ether,  when  similar  prisms  melting 
at  153°  were  obtained.  On  attempting  to  recrystallise  these  from 
alcohol,  it  was  found  that  they  separated  from  that  solvent  almost 
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immediately  after  solution,  in  the  opaque,  small,  canary-yellow  rosettes 
which  we  find  to  be  so  characteristic  of  japaconitine  aurichloride. 
These  rosettes  melted  at  231°. 

On  the  second  occasion,  a  crystalline,  golden-yellow  aurichloride, 
melting  indistinctly  "at  154-160°,  was  obtained  after  the  addition  of 
dry,  light  petroleum  to  an  alcoholic  solution  of  the  amorphous  salt. 
These  crystals  dissolved  in  chloroform,  and  on  the  addition  of  ether 
were  precipitated  in  opaque  rosettes  melting  at  231°.  They  were 
therefore  japaconitine  aurichloride. 

One  of  us  has  already  shown  (Dunstan  and  Jowett,  Trans.,  1893, 
63,  994)  that  aconitine  aurichloride  may  exist  in  three  distinct  iso- 
meric  forms,  the  nature  of  the  solvent  and  of  the  precipitant  being 
apparently  the  factors  which  determine  the  production  of  these  modi- 
fications. Although  we  have  been  unable  to  find  the  exact  conditions 
for  the  formation  of  the  salt  of  japaconitine  melting  at  154-156°,  it  is 
evident  from  these  results  that  japaconitine  aurichloride  exists  in  at 
least  two  isomeric  forms.  The  stable  modification  melting  at  231°, 
being  that  most  generally  produced,  we  propose  to  name  japaconitine 
a-aurichloride,  and  the  unstable  variety,  melting  indistinctly  at  154- 
160" t  japaconitine  ^-anrichloride.  The  melting  points  of  aconitine  a-, 
/?-,  y-aurichlorides  are  135-5",  151-152',  and  1763  respectively. 

In  this  connection,  it  is  of  interest  to  note  that  japaconitine  and 
aconitine,  when  mixed,  may,  by  a  tedious  process,  be  separated  by 
repeatedly  fractionating  the  aurichlorides  of  the  mixed  bases  by 
crystallisation  from  alcohol  and  from  a  mixture  of  alcohol  and  ether. 
Japaconitine  a-aurichloride,  melting  at  231 :,  crystallises  out  in  the 
first  fractions,  and  aconitine  /3-aurichloride,  melting  at  151-152",  in 
the  later  fractions. 

Japaconitine  a-aurichloride  forms  neither  a  hydrate  nor  an  alcoholate. 
The  crystalline  salt,  after  being  dried  on  a  porous  tile,  lost  no  weight, 
either  when  allowed  to  remain  in  a  vacuous  desiccator  for  several  days, 
or  when  heated  in  the  water  oven. 

A  determination  of  the  gold  and  chlorine  gave  the  following  results — 

0-2408  gave  0-0474  Au  and  required  9'8  c.c.  of  T  10  AgNO3  (of 
which  983  c.c.  =3-55  Cl)  for  complete  precipitation  of  the  chlorine. 
Whence  Au  =  19-68  ;  Cl  -  14-69  per  cent. 

The  salt  was  burnt  for  carbon  and  hydrogen,  but  the  determination 
of  the  latter  was  of  no  value. 

0-2014  gave  0-3010  CO.,.     C  =  40-76  per  cent. 
CwH49OnN,HAuCl4  requires  Au  =  19-95 ;  Cl  =  14-38 ;  C  =  41-33 

per  cent. 
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Physiological  Action  of  Japaconitine^ 

The  physiological  action  of  japaconitine  is  being  investigated  by 
Professor  Cash  (see  this  vol.  p.  80).  It  may  be  stated  here  that  it  is 
an  intensely  toxic  alkaloid  which,  in  general,  acts  like  aconitine,  the 
resemblance  between  the  two  alkaloids  being  very  close  indeed. 

It  produces  the  characteristic  tingling  of  the  lips,  tongue,  and  skin, 
with  long-continued  tactile  and  thermic  perception  at  the  seat  of 
application.  It  slows  and  then  accelerates  the  heart,  producing  a 
sequence  of  ventricular  upon  auricular  action.  The  death  occasioned 
by  it  appears,  however,  to  be  primarily  respiratory.  Whilst  the  lethal 
dose  of  japaconitine  towards  frogs  (Rana  esculenta  and  R.  temporaries) 
and  mammals  is  not  identical  with  that  of  aconitine,  the  difference  in 
toxicity  is  not  great,  moreover  the  variation  in  the  effect  produced  by 
an  equal  dose  is  one  rather  of  degree  than  of  kind. 

Action  of  Methyl  Iodide  on  Japaconitine.     Methyl  japaconitine. 

When  japaconitine  is  heated  in  a  closed  tube  to  a  temperature  of 
110-112°  with  a  slight  excess  of  methyl  iodide,  a  crystalline  methiodide 
is  formed.  This  methiodide  crystallises  from  the  mother  liquor  with 
extreme  readiness  in  large  rosettes  of  colourless  needles  which  melt  at 
224-225°. 

0-2240  dissolved  in  alcohol  and  precipitated  with  silver  nitrate, 
furnished  0*0690  Agl.  I  =  16-64. 

C34H49OnN,CH3I  requires  1  =  16-09  per  cent. 

On  adding  dilute  potash  to  an  aqueous  solution  of  japaconitine  meth- 
iodide, a  flocculent  precipitate  of  methyljapaconitine,  C^H^gO^N'CHg, 
is  thrown  down.  This  base  may  be  readily  extracted  by  chloroform  or 
ether,  and  crystallises  from  the  latter  in  minute  rosettes  of  colourless 
needles,  which  melt  at  206°. 

A  combustion  of  the  pure  base  furnished  the  following  data — 

0-1 142  gave  0-2670  CO2  and  0-0790  H2O.     0  =  63-76;  H  =  7'69. 
035H51OnN  requires  C  =  63-54  ;  H  =  7 '71  per  cent. 

Methyljapaconitine  aurichloride  crystallises  from  a  mixture  of  alcohol 
and  ether  in  minute  rosettes  which  melt  at  223-225°. 

The  readiness  with  which  japaconitine  furnishes  a  methyl  derivative 
is  another  point  of  difference  between  it  and  aconitine  (Dunstan  and 
Jowett,  Proc.,  1894,  10,  96). 

Action  of  Acetyl  Chloride  on  Japaconitine.     Triacetyljapaconitine. 

By  allowing  acetyl  chloride  to  act  on  japaconitine  for  some  hours  a 
triacetyl  derivative  melting  at  166°  is  formed.  In  addition  to  this, 
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a  small  quantity  of  a  derivative  very  soluble  in  alcohol,  and  melting 
at  184-186°,  is  produced,  but  the  amount  obtained  was  too  small  for 
further  examination. 

Triacetylja}xiconitine,  C34H4(3O11N(CO'CH3)3,  crystallises  in  colourless 
rosettes  melting  at  about  166°.  It  is  not  very  soluble  in  alcohol,  and 
may  thus  be  easily  separated  from  the  derivative  melting  at  184-186°. 
It  is  soluble  in  ether  and  in  chloroform,  but  insoluble  in  water. 

0-1043  gave  0-2357  CO,  and  0-0697  H2O.     0  =  61-63  :  H  =  7'41. 
0'2475     ,,     on  hydrolysis  with  potash,  29-5  per  cent,  acetic  acid. 
C40H55O14X  requires  C  =  62-09  ;  H  =  7'11  ;  C2H4O2  =  31-04  per  cent. 

II.  JAPBENZACONINE. 
Hydrolysis  of  Japaconitine. 

When  Japaconitine  is  hydrolysed,  it  furnishes  acetic  acid,  and  a  new 
crystalline  base,  which  from  its  analogy  to  benzaconine,  the  hydrolytic 
base  from  aconitine,  we  purpose  naming  japbenzaconine.  This  hydro- 
lysis may  be  effected  in  neutral,  in  alkaline,  or  in  slightly  acid  solution. 
The  last  is  the  most  convenient,  since  in  the  presence  of  alkalis,  the 
new  base,  japbenzaconine,  readily  suffers  further  hydrolysis  into 
benzoic  acid,  and  another  base,  japaconine  (vide  infra).  Although  any 
of  the  salts  of  Japaconitine  may  be  used  for  the  hydrolysis,  we  have 
found  the  sulphate  to  give  the  most  satisfactory  results.  0-4122  gram  of 
Japaconitine  was  neutralised  with  dilute  sulphuric  acid  and  the  solu- 
tion heated  in  a  sealed  tube  for  9  hours  at  115-130°.  The  slightly 
discoloured  solution  was  then  neutralised  with  standard  soda  solution. 
A  definite  excess  of  decinormal  sulphuric  acid  was  now  added,  and 
the  benzoic  acid,  a  small  quantity  of  which  is  invariably  produced, 
removed  by  shaking  with  benzene.  The  aqueous  portion  and  the 
washings  from  the  benzene  were  titrated  with  soda  (1020  c.c.  =  4-9 
H0S04),  of  which  6 "6  c.c.,  beyond  the  amount  necessary  to  neutralise 
the  excess  of  sulphuric  acid,  were  required,  equivalent  to  9 -41  per  cent, 
acetic  acid.  The  equation  C^H^O^  +  H2O  =  C.,H4O2  +  C3,H4-O10N 
requires  9 -27  per  cent.  The  identity  of  the  acid  was  proved  by  an 
analysis  of  its  silver  salt. 

0-1485  gave  0-0957  Ag.     Ag=  64-44. 

C2H3O2Ag  requires  Ag  =  64'66  per  cent. 

The  identity  of  the  benzoic  acid,  extracted  by  benzene,  was  deter- 
mined by  its  melting  point,  which  was  121°,  as  well  as  by  other  of  its 
physical  characters  (vide  infra).  No  methyl  alcohol  or  other  product 
could  be  detected.  The  hydrolysis,  therefore,  takes  place  according  to 
the  equation  given  above. 
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Wright  and  Luff  do  not  record  the  production  of  acetic  acid  during 
the  hydrolysis  of  japaconitine,  nor  did  they  observe  the  formation 
of  japbenzaconine.  Their  account  of  the  hydrolysis  is  that  the 
japaconitine  is  decomposed,  forming  japaconine  and  benzoic  acid. 


Properties  of  Japbenzaconine. 

The  new  base  is  precipitated  from  the  aqueous  solution  of  its  salts 
by  the  addition  of  alkali,  and  may  be  partially  removed  by  shaking 
with  ether.  Its  complete  removal  necessitates  a  vigorous  shaking 
with  chloroform.  By  the  evaporation  of  its  ethereal  solution,  jap- 
benzaconine is  obtained  as  a  colourless  varnish.  The  latter  readily 
dissolves  in  dilute  hydrochloric  acid,  the  solution,  after  partial  evapor- 
ation and  stirring,  yielding  a  crystalline  salt.  Although  no  difficulty 
attends  the  crystallisation  of  the  salts  of  japbenzaconine,  many  at- 
tempts were  made  to  crystallise  the  base  before  it  was  accomplished. 
The  following  method  finally  proved  successful.  A  slight  excess 
of  dilute  ammonia  was  added  to  an  aqueous  solution  of  the  pure 
hydrochloride,  the  white  flocks  of  the  precipitated  base  dissolved 
by  shaking  with  ether,  and  the  ethereal  solution  washed  and  dried 
over  calcium  chloride.  The  dried  solution  was  filtered  into  a  stoppered 
bottle,  and  sufficient  light  petroleum  added  to  produce  a  faint 
opalescence.  A  considerable  quantity  of  amorphous  japbenzaconine 
separated,  and  after  standing  2  or  3  days  the  clear  mother  liquor  was 
poured  off  into  another  bottle.  After  several  days,  minute  rosettes 
appeared.  These  melted  at  176° ;  further  small  quantities  of  crystals 
having  the  same  melting  point  were  obtained  by  the  careful  addition 
to  the  mother  liquor  of  small  quantities  of  light  petroleum.  When 
purified  by  recrystallisation  from  a  mixture  of  ether  and  petroleum, 
the  base  melted  at  183°.  It  could  also  be  crystallised  by  dissolving  in 
alcohol  and  precipitating  with  water.  The  crystals  thus  obtained 
melted  at  about  180°. 

Japbenzaconine,  therefore,  differs  very  markedly  from  benzaconine  in 
the  fact  that  it  may,  when  pure,  be  fairly  readily  crystallised.  The 
only  well-defined  crystals  we  have  obtained  were  rhombohedral  plates. 
When  dissolved  in  dilute  acids,  the  solution  is  distinctly  bitter,  and 
quite  free  from  the  tingling  sensation  so  characteristic  of  japaconitine 
and  of  aconitine.  The  base,  crystallised  from  ether,  is  anhydrous. 

0-1967  lost  0-003  after  1  hour  at  103°,  that  is,  1-53  per  cent. 
Specific  rotation  of  japbenzaconine.     In  alcohol. 

ai8-5«=    +  1-633°  ;l  =  2  dcm.;c  =  2-033 ;  [a]wjT  =    +40-16°, 
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The  specific  rotation  of  benzaconine  is  +  4 '48  (Dunstan  and  Harrison, 
Trans.,  1893,  63,  443).  Japbenzaconine  is  therefore  nearly  ten  times 
more  optically  active  than  benzaconine. 

Combustions  of  Japbenzaconine — 

0-1922  gave  0-4510  CO.,  and  0-1505  H2O.     C- 63-99  ;  H  =  8-7. 
0-1857     „     0-4365  COo    „    0-1252  H~,O.     C  =  64-10 ;  H  =  7'49. 
C3,H47010N  requires  C  =  63-47  ;  H  =  7-76. 

Salts  of  Japbenzaconine. 

The  salts  of  Japbenzaconine  crystallise  with  extreme  readiness. 

Japbenzaconine  hydrochloride  crystallises  from  water  in  minute 
rosettes  melting  at  244-245\  When  recrystallised  from  alcohol  and 
ether,  the  melting  point  is  raised  to  253\  The  salt,  crystallised  from 
alcohol  and  ether,  contains  one  molecular  proportion  of  water. 

0-2234   hydrated   salt  lost   0-0044    H0O   after    H   hours   at   100°. 

H,O  =  l-97. 
0-2009 "hydrated  salt  lost  0-0057  H,O  after  heating  £  hour  at  110% 

H0O  =  2-33. 

0-1 950 "hydrated  salt  gave  0-0416  AgCl.     01  =  5-27. 
0-2066    '     „  „     0-0446  AgCl.     01  =  5-34. 

C3.,H47O10N,HC1  +  H2O  requires  H2O  =  2-73;  a  =  5-38  per  cent. 

Specific  rotation  of  the  hydrated  hydrochloride  in  water. 

a23'=    -  0-8°  ;Z  =  2dcm.;c  =  2-028  ;  [a]T  =    -19-73. 

The  specific  rotation  of  benzaconine  hydrochloride,  dissolved  in 
water,  was  taken  for  comparison. 

a23'=    -  0-75°  ;Z  =  2  dcm.;c  =  1-492  ;  [a]f  =    -25-13'.  ; 

A  previous  determination  (Dunstan  and  Harrison,  loc.  cit.)  had 
given  -  28-7°. 

Combustions  of  the  anhydrous  hydrochloride. 

0-1894  gave  0-4175  CO.,  and  0-1240  H,O.     0  =  60-11 ;  H  =  7'27. 
0-1925     „     0-4242  COj    „    0-1281  H~O.     0  =  60-09  ;  H  =  7-39. 
C32H47010X,HC1  requires  0  =  59-95  ;  H  =  7'49  per  cent. 

Japbenzaconine  hydrobromide  crystallises  from  water  in  minute 
prisms,  and  from  alcohol  and  ether  in  rosettes  melting  indistinctly 
about  205-217°. 

Japbenzaconine  aurvMoride  is  precipitated  in  amorphous,  yellow 
flocks  on  mixing  aqueous  solutions  of  auric  chloride  and  of  Japbenz- 
aconine hydrochloride.  The  dried  amorphous  salt  crystallises  immedi- 
ately upon  the  addition  of  dry  alcohol,  the  crystals  melting  at  about 
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212°.  The  salt  may  be  readily  crystallised  from  alcohol  or  chloroform 
by  precipitation  with  ether.  The  melting  point  varies  with  the  nature 
of  the  solvent,  the  crystals  from  alcohol  melting  at  219°,  and  those 
from  chloroform  and  ether  at  228°.  By  the  addition  of  water  to  an 
alcoholic  solution,  the  salt  is  precipitated  in  oily  drops.  The  crystal- 
line aurichloride  is  anhydrous. 

Analysis  of  the  salt  furnished  the  following  results. 

0-3320  gave  0-0675  Au  and  0-189  AgCl.     Au  =  20-33  ;  Cl  =  14-08. 
C3,H47O10N,HAuCl4  requires  Au  =  20-84;  01  =  15-02  per  cent. 

The  hydrochloride  of  the  regenerated  base  crystallised  readily  from 
water,  melted  at  246°,  and  was  identical  with  japbenzaconine  hydro- 
chloride. 

Aurichlor-japbenzaconine. — When  an  alcoholic  solution  of  jap- 
benzaconine aurichloride,  to  which  a  few  drops  of  light  petroleum 
have  been  added,  is  allowed  to  stand  for  about  a  week,  colourless,  well- 
defined,  lustrous  octahedra  are  obtained.  These  octahedra,  after  re- 
crystallisation  from  alcohol  and  ether,  melt  at  178°  with  the  separation 
of  a  considerable  quantity  of  gold.  The  mother  liquor  from  which 
these  crystals  separated  furnished  a  small  quantity  of  colourless 
rosettes  of  needles  melting  at  about  230°  and  containing  gold.  The 
quantity  obtained  was  unfortunately  too  small  for  further  examination. 
The  octahedra,  melting  at  178°,  crystallise  without  any  attached 
solvent.  An  analysis  furnished  the  following  data — 

0-2332  gave  0-053  Au  and  0-078  AgCl.     Au  =  22-72  ;  Cl  =  8-27 
C3.2H46O10N-AuCl2  requires  Au  =  22-6 ;  Cl  =  8-23  per  cent. 

The  hydrochloride  of  the  regenerated  base  crystallised  from  alcohol 
and  ether  in  beautiful,  lustrous  rosettes  melting  at  252-253°,  and 
identical  with  japbenzaconine  hydrochloride. 

III.  JAPACONINB. 
Hydrolysis  of  Japbenzaconine. 

Japbenzaconine  is  slowly  hydrolysed  by  strong  alkalis  or  by  cold 
dilute  sulphuric  acid,  more  rapidly  on  heating.  The  complete  hydrolysis 
is,  however,  by  no  means  easy  to  effect,  since  the  continued  heating 
with  alkalis  leads  to  the  resinification  of  the  hydrolytic  products. 
This  is  obviated  to  a  certain  extent  by  carrying  out  the  hydrolysis 
either  in  alcoholic  solution,  using  an  alcoholic  solution  of  sodium 
hydroxide,  or  in  a  sealed  tube.  The  former  method  was  the  one  which 
we  found  most  satisfactory,  and  gave  fairly  concordant  results  when 
the  percentage  of  benzoic  acid  was  determined. 
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2-9015  grams  of  japbenzaconine  were  dissolved  in  alcohol,  warmed, 
and  a  30  per  cent,  alcoholic  solution  of  sodium  hydroxide  added.  The 
mixture  was  allowed  to  stand  for  24  hours.  Dilution  with  water  pro- 
duced no  precipitation  of  japbenzaconine,  showing  that  the  hydrolysis 
was  complete.  The  solution  was  neutralised  with  sulphuric  acid,  the 
alcohol  removed  by  evaporation  on  a  water-bath,  and  the  aqueous  solu- 
tion, after  acidifying  with  sulphuric  acid,  extracted  with  benzene.  The 
benzene  solution  was  extracted  with  dilute  soda,  and  the  latter  acidified 
with  sulphuric  acid  and  extracted  with  ether.  The  dried  ethereal  solu- 
tion furnished,  after  careful  evaporation,  0'589  gram  of  beruoic  acid 
(m.  p.  121-5"")  =  19-98  per  cent. 

The  following  equation  therefore  represents  the  hydrolysis,  the 
calculated  quantity  of  benzoic  acid  being  20'16  per  cent. 

C3,H4.010X  +  H20  =  CaH5-C03H  +  C25H43O9X. 

The  acid  solution  from  which  the  benzoic  acid  had  been  removed 
was  now  rendered  alkaline,  and  extracted,  first  with  ether  and  then 
with  chloroform.  The  ether  removed  nothing  from  the  solution,  and 
the  chloroform  only  a  trace  of  alkaloid  which  was  readily  extracted 
again  by  shaking  with  water.  The  residual  solution  was  therefore 
neutralised  with  sulphuric  acid,  and  evaporated  to  dryness.  The 
residue,  most  of  which  was  sodium  sulphate,  was  extracted  with 
alcohol,  the  alcoholic  solution  made  alkaline  with  sodium  hydroxide, 
evaporated  to  dryness,  and  the  brown  alkaloidal  residue  dissolved 
in  chloroform;  the  chloroform  solution  gave,  after  evaporation,  a 
very  hygroscopic,  dark  brown  varnish.  This  varnish,  which  was 
strongly  alkaline  to  litmus  and  readily  reduced  Fehling's  solution,  was 
purified  by  neutralising  with  aqueous  sulphuric  acid  and  removing 
the  greater  part  of  the  colouring  matter  by  boiling  the  solution 
with  charcoal.  The  pure  base,  japaconine,  was  obtained  by  pre- 
cipitating the  solution  of  the  sulphate  with  barium  hydroxide, 
filtering,  and  evaporating  the  aqueous  solution.  It  was  finally  purified 
by  the  fractional  precipitation  of  a  solution  in  chloroform  with  ether. 
Most  of  the  colouring  matter  is  precipitated  in  the  first  fractions,  the 
later  fractions  being  almost  colourless  japaconine. 

Properties  and  Composition  of  Japaconine. 

Thus  purified,  japaconine  is  a  colourless,  exceedingly  hygroscopic 
powder  which  we  have  so  far  been  unable  to  crystallise.  It  is  readily 
soluble  in  water,  alcohol,  chloroform  and  acetone,  but  almost  insoluble 
in  ether  and  petroleum.  It  melts  indefinitely  between  973  and  100°. 
Its  specific  rotation  in  water  is  + 10'88°. 

a190  =    +0-4°;  Z  =  2dcm.;  c  =  l'837;  [a]1^  =   +  10-88°. 
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Combustions  of  the  amorphous  japaconine. 

0-2010  gave  04480  CO.,  and  0-1460  H9O.     C  =  60-78  ;  H  =  8-07. 
0-1855     „     0-4058  C(\    „    0-1193  H0"o.     C  =  59-65;  H  =  7-14. 
0-1634    „     0-3645  C0~    „    0-1108  HgO.     C  =  60-77 ;  H  =  7'53. 
C25H4309N  requires  C  =  59-88 ;  H  =  8-58  per  cent. 

The  salts  of  japaconine  crystallise  with  great  difficulty.  None 
crystallise  from  water,  and  those  which  we  have  crystallised  from 
alcohol  and  ether  are  so  hygroscopic  that  we  have,  unfortunately,  been 
unable  to  examine  them  completely. 

Japaconine  hydrobromide  crystallises  from  alcohol  and  ether  in 
rosettes  of  colourless,  triangular  plates  melting  sharply  at  221°. 

Japaconine  hydrochloride  crystallises  from  alcoholic  solution  after 
the  addition  of  ether. 

Japaconine  oxalate  crystallises  in  colourless,  dumb-bell-shaped 
rosettes. 

A  strong  aqueous  solution  of  the  hydrochloride  gives  no  precipitate 
with  auric  chloride  or  platinic  chloride,  and  the  aqueous  solution  of 
the  aurichloride  is  quickly  reduced.  Fehling's  solution  is  also  reduced 
when  boiled  with  a  solution  of  japaconine. 

In  its  general  behaviour,  japaconine  resembles  aconine ;  its  salts, 
however,  crystallise  much  less  readily  than  those  of  aconine. 

IY.  PYROJAPACONITINE. 
Effect  of  Heat  on  Japaconitine. 

It  has  already  been  shown  (Dunstan  and  Carr,  Trans.,  1894,  65, 
176  ;  1897,  71,  350)  that  aconitine  and  pseudaconitine  decompose  when 
heated  at  their  melting  points,  furnishing  acetic  acid  and  new  bases 
which  were  named  pyraconitine  and  pyropseudacoiiitine  respectively. 
We  find  that  Japaconitine  behaves  in  a  similar  manner.  When  heated 
at  about  200-210°  for  10  minutes,  the  base  gradually  darkens,  and 
finally  melts,  with  the  evolution  of  acetic  acid.  The  amount  of  the 
latter,  estimated  by  titration  with  decinormal  soda  solution,  varies  from 
8-4  to  8'9  per  cent.  The  amount  required  for  a  loss  of  one  molecule  of 
acid  from  one  molecule  of  Japaconitine  (CMH49OUN  -  C2H4O2)  =  9*27 
per  cent.  In  addition  to  the  loss  of  the  acetic  acid,  there  is  almost 
invariably  a  further  loss  varying  from  3  to  4 '5  per  cent.,  the  nature 
of  which  has  not  been  determined. 

The  dark  brown  varnish  which  remained  after  the  evolution  of 
the  acetic  acid  was  readily  purified  by  dissolving  in  dilute  sulphuric 
acid,  exactly  neutralising  the  solution  with  soda,  and  boiling  with 
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charcoal  for  a  few  minutes.  Ammonia  was  added  to  the  colourless 
solution  thus  obtained,  and  the  bulky,  flocculent  precipitate  of  the 
pyro-base  extracted  by  shaking  several  times  with  ether  and  finally 
with  chloroform.  The  ethereal  solution  was  dried  with  calcium 
chloride  and  evaporated  to  dryness,  a  pale  yellow  varnish  being  thus 
obtained.  This  varnish  was  dissolved  in  dilute  hydrobromic  acid,  and 
the  solution  evaporated  to  a  small  bulk  on  a  water-bath.  After 
vigorous  stirring,  minute  crystals  of  the  salt  separated,  which 
melted  at  240D  (pyraconitine  hydrobromide  melts  at  282°).  The 
base  was  regenerated  and  extracted  with  ether,  and  the  ethereal 
solution,  after  partial  evaporation,  dried  with  calcium  chloride, 
filtered  into  a  stoppered  bottle,  and  light  petroleum  added  until 
an  opalescence  formed.  Colourless  needles  of  the  base  crystallised 
after  standing  a  few  days.  These,  after  recrystallisation,  melted  at 
167-168°. 

The  alkaloid,  like  pyraconitine,  is  laevorotatory. 

a?>°  =,    -3-33°;  f  =  2dcm.;  c  =  2-529;  [off  -    -65-89. 
On  combustion,  the  crystalline  base  furnished  the  following  results — 

0-1081  gave  0-2582  CO.,  and  0-0685  H0O.     C  =  65-14  ;  H  =  7O4. 
0-1079     „     0-2572  COl    „    0-0652  K~O.     C  =  64-92  ;  H  =  6-71. 
C30H4-Ol(N  requires  C  =•-  65-41 ;  H  =  7'66  per  cent. 

A  methoxyl  determination  by  Zeisel's  method  shows  that  pyro- 
japaconitine,  like  japaconitine,  contains  four  methoxyl  groups. 

0-1950  furnished  0-2810  Agl.     CH3O  =  19-00. 
C^H^-O^N  requires,  for  3  methoxyl  groups,  CH3O  =  15-8  per  cent. 
4        „  „        CH30  =  21-1        B 

Pyro japaconitine  furnishes  well-crystallised  salts. 

Pyrojapaconitine  hydrobromide  separates  from  water  in  minute, 
colourless  crystals  melting  at  241".  When  this  salt  is  recrystallised 
by  dissolving  in  alcohol  and  precipitating  with  ether,  it  melts  at 
208-209°,  but,  after  solidification,  it  remelts  at  about  237-238°.  The 
melting  point  of  this  (208°)  variety  is  unchanged  by  repeated  recrys- 
tallisation from  dry  alcohol  and  ether,  but  when  recrystallised  from 
water  the  salt  melts  at  241°. 

The  salt,  crystallised  from  its  aqueous  solution,  contains  two  mole- 
cular proportions  of  water,  one  only  of  which  is  lost  at  100°. 

0-7140  lost  0-0293  H.,O  after  2  hours  at  100°.     H,O  =  4-10. 
0-4415  of  the  salt  previously  dried  at  100°  lost  0-0180  H2O  after 
70  minutes  at  100-130°.     H26  =  4'08. 

II.  F 
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The  specific  rotation  of  pyrojapaconitine  hydrobromide  in  water  is 
-  102-5°. 

a23°=    -  5-616°  ;  1  =  2  dcm.;  c  =  2-7388  ;  [o]^=    -102-5°. 
On  analysis,  the  salt,  dried  at  100",  furnished  the  following  data  — 

0-1815  gave  0-3706  CO.,  and  0-1030  H.,O.  C  =  55-68  ;  H  =  6-30. 
0-1910  „  0'3910COa  „  0-1110  HA  C-  55-83  ;  H  =  6-45. 
0-4235  „  0-1160  ABr.  Br=  11-65". 


Unsuccessful  attempts  were  made  to  prepare  an  anhydrous  hydro- 
bromide  by  a  direct  method. 

Pyrojapaconitine  aurichloride  is  precipitated  in  bulky,  yellow  flocks 
on  the  addition  of  aqueous  auric  chloride  to  an  aqueous  solution  of 
pyrojapaconitine  hydrochloride.  It  crystallises  very  easily  from  its 
solution  in  alcohol  or  chloroform  after  either  spontaneous  evaporation 
or  the  addition  of  ether.  The  melting  point  of  the  salt  varies  with 
the  solvents  from  which  it  is  crystallised,  that  from  chloroform  melt- 
ing at  about  160-161°,  and  that  from  alcohol  and  ether  at  about 
188-189°. 

The  following  results  were  obtained  by  the  analysis  of  the  salt 
(m.  p.  160-161°)  crystallised  from  chloroform  — 

0-3389  gave  0-0697  Au  and  0-2025  AgCl.     Au-  20-56;  01  =  14-78. 

The  salt  (m.  p.  188-189°)  crystallised  from  alcohol  and  ether  gave 
the  following  data  — 

0-1742  gave  0-2556  CO,  and  0-0740  H0O.  C-  40-01  ;  H  =  4-72. 
0-1694  „  0-2502  CO2  „  0-0696  H.~O.  0  =  40-28;  H  =  4-56. 
C32H45O9N,HAuCl4  +  H20  requires  C  ="40-63  ;  H  =  5-07  ;  Au  =  20-84; 

01=15-02  per  cent. 

C32H45O0N,HAu014     requires     0  =  41-42;    H  =  4-96;    Au  =  21-25  ; 
01=15-31  per  cent. 

No  aurichlor  derivative  could  be  obtained. 


V.  PYROJAPACONINE. 
Hydrolysis  of  Pyrojapaconitine. 

Pyrojapaconitine  is  hydrolysed  with  extreme  readiness  by  alkalis, 
the  hydrolysis  being  complete  in  less  than  an  hour.  The  products  of 
the  reaction  are  benzoic  acid  and  a  new  base,  pyrojapaconine, 

C82H4509N  +  H20  =  C6H5-C02H  +  C2,H41O8N. 
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Pyrojapaconine  may  be  extracted  from  its  aqueous  alkaline  solution 
by  shaking  either  with  ether  or  chloroform,  preferably  the  latter.  Light 
petroleum  precipitates  the  substance  from  the  ethereal  solution  in 
colourless,  amorphous  flakes  melting  at  about  123-128".  The  base  is 
very  deliquescent. 

Its  specific  rotation  is  -  73-96°. 

023'  =  -4-3';  /  =  2dcm.;  c  =  2-9106;  [a]3?  =    -73-96°. 
Combustions  of  the  pyrojapaconine  furnished  the  following  results — 

0-1495  gave  0-3385  CO.,  and  0-1060  H.,O.     C  =  61-75  ;  H  =  7-87. 
0-1499     „     0-3370  CO,    „    0-1035  H/X     0  =  61-31 ;  H  =  7'67. 
C.,5H41OSN  requires  C  =  62-1 1  ;  H  =  8'48  per  cent. 

All  attempts  to  crystallise  either  the  base  or  its  salts  were  unsuccess- 
ful. The  aurichforide  is  soluble  in  warm  water,  but  separates  in  a 
vitreous  mass  on  cooling.  It  is  soluble  in  alcohol,  and  the  deep  yellow 
solution  becomes  colourless  after  long  standing. 


VI.  THE  AMORPHOUS  ALKALOIDS  OF  JAPANESE  ACONITE. 

In  working  up  the  crystalline  japaconitine  used  for  the  preceding 
work,  a  small  amount  of  an  amorphous  base  was  accumulated.  This 
base  furnished  a  hydrochloride,  which  crystallised  readily  from 
water  in  the  minute  crystals  so  characteristic  of  japbenzaconine 
hydrochloride,  and  melted  at  2H-242'.  By  recrystallisation  from 
alcohol  and  ether,  the  melting  point  was  raised  to  2453.  This  is  the 
melting  point  of  japbenzaconine  hydrochloride.  In  order  to  com- 
pletely confirm  the  identity  of  this  substance,  a  small  quantity 
was  converted  into  the  aurichlor  derivative  by  adding  light  petroleum 
to  an  alcoholic  solution  of  the  aurichloride.  Colourless  octahedra  of 
aurichlar-japbenzaconine  melting  at  179°  separated.  The  amorphous 
base  which  accompanies  japaconitine  in  Japanese  aconite  roots  is 
therefore  japbenzaconine.  The  amount  is  exceedingly  small  (about  1 
gram  from  1H  kilos.)  as  compared  with  the  quantity  of  benzaconine 
contained  in  the  roots  of  Aconitum  Napdlus. 

The  results  of  this  investigation,  which  has  occupied  us  for  several 
years,  seem  to  leave  no  room  for  doubt  that  the  crystalline  alkaloid 
(japaconitine)  of  Japanese  aconite,  though  closely  resembling  aconitine, 
the  crystalline  alkaloid  of  A.  Napellus,  is  chemically  a  distinct  in- 
dividual. The  chief  differences  which  we  have  established  between 
them  and  their  derivatives  are  summarised  in  the  following  tables — 
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I. — Japaconitine  and  Aconitine. 


Substance. 

Melting 
point. 

Specific  rotation. 

Remarks. 

Japaconitine 
Aconitine     .... 

204-2° 
196-197° 

+  20  -25°  in  chloroform 
+  14'6°  in  chloroform 

Prismatic  needles 
Hexagon  al  prisms 

Japaconitine  hydrochloride  . 
Aconitine  hydrochloride 

149-150° 
149° 

-23  "8°  in  water 
-30  "9°  in  water 

Japaconitine  hydrobromide  . 
Aconitine  hydrobromide 

172-173° 
163° 

-30  '8°  in  water 

Japaconitine  hydriodide 
Aconitine  hydriodide  . 

207-208° 
226° 

Japaconitine  aurichloride     . 
Aconitine  aurichloride 

/(a)   153° 
1(0)231° 
((a)  135-5° 
\  (0)  152° 
1(7)  176° 

Triacetyljapaconitine   . 
Triacetylaconitine 

166-167° 

207° 

II. — Japbenzaconine  and  Benzaconine. 


Substance. 

Melting 
point. 

Specific  rotation. 

Remarks. 

Japbenzaconine     . 
Benzaconine 

182-183° 
125° 

+  40  '16°  in  alcohol 
+  4  '48°  in  alcohol 

Rectangular  plates 
Uncrystallised 

Japbenzaconine  hydrochloride 
Benzaconine  hydrochloride  . 

253° 
/(«)  217°  \ 
\  (/8)  268°/ 

-19-73°  in  water 
-28  "7°  in  water 

Japbenzaconine  hydrobromide 
Benzaconine  hydrobromide  . 

205-217° 

282° 

Japbenzaconine  aurichloride 
Benzaconine  aurichloride 

228° 
125-135° 

Aurichlor-japbenzaconine     . 
Aurichlor-benzaconine  . 

178° 
204° 

Octahedra 
Rectangular  prisms 
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Jajxiconine  and  Aconine. 

Melting 


point. 

Japaconine  .... 
Aconine  .... 

97-100° 
132° 

+  10-88'  in  water 
+  23°  in  water 

Amorphous,  very 
hygroscopic 
Amorphous,  very 
hygroscopic 

Japaconine  hvdiobromide  . 

221* 

Japaconine  hyilrochloridc 
Aconine  hvdrochloride 


-7  71:  in  water 


Uncrystallised 


Pyrojapacon  itine  a  nd  Pyracon  it  ine. 


Substance. 


Melting      I    gpecific  rotadou 


point. 


Remarks. 


Pyrojapaconitine 
Pyraconitine 

153-168° 

167-5' 

-65-89°  in  alcohol 
Inactive 

Pyrojapaconitine          hydro- 
chloride 
Pyraconitine    hvdrochloride 

175-176 
948-75 

Pyrojapaconitine          hydro- 
bromide 

Pyraconitine  hydrobromide  . 

\w  241;} 

{(?)  280=  J 

-102-5= 
-46  '8°  in  water 

Pyrojapaconitine  aurichloride 
Pyraconitine  aurichloride 

161  = 

Crystalline 
Uncrystallised 

Pyrojapaconine    . 
Pyraconine  .... 

-73  '96°  in  water 
-90  '990  in  water 

Uncrystallised 
Unci  vstallised 

The  conclusions  to  be  drawn  from  our  results  as  to  the  composition 
and  properties  of  japaconitine  are  not  in  agreement  with  those  of 
Wright  and  his  fellow-workers.  Neither  can  we  confirm  the  opinions 
which  have  been  advanced  by  Mandelin,  Liibbe,  and  by  Freund  and 
Beck,  all  of  whom  regard  japaconitine  as  identical  with  aconitine. 
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For  the  present,  we  reserve  a  discussion  of  the  exact  nature  of  the 
relationship  between  japaconitine  and  aconitine,  as  we  are  not  yet  in 
a  position  to  decide  finally  which  formula  to  select  for  either  alkaloid 
as  most  correctly  expressing  its  composition  and  the  composition  of 
its  derivatives. 


TJie    Pharmacology    of    Aconitine,    Diacetylaconitine, 

Benzaconine  and  Aconine  considered  in  Relation 

to  their  Chemical  Constitution.1 

By  J.  THEODORE  CASH,  M.D.,  F.R.S.,  Regius  Professor  of  Materia  Medica  in 
the  University  of  Aberdeen,  and  WYNDHAM  R.  DUNSTAN,  M.A.,  F.R.S. 

(Abstract.) 

THE  investigation  which  is  described  in  the  present  paper  has  been 
carried  out  with  pure  specimens  of  the  alkaloids  aconitine,  aconine, 
and  benzaconine,  the  chemistry  of  which  has  been  fully  studied  since 
1891  by  one  of  us  in  conjunction  with  his  assistants  and  pupils,  and 
forms  the  subject  of  numerous  papers  which  have  been  communicated 
to  the  Chemical  Society,  and  printed  in  the  Journal  of  the  Chemical 
Society,  1891-1897.  As  these  papers  contain  a  full  account  of  the 
chemical  composition  and  properties  of  the  various  aconite  alkaloids, 
it  will  not  be  necessary  to  do  more  now  than  summarise  for  reference 
the  chief  properties  of  the  substances  employed  in  this  inquiry. 

Aconitine  is  the  poisonous  alkaloid  contained  in  Aconitum  jVapellus 
(Dunstan  and  Ince,  Chem.  Soc.  Journ.,  1891,  vol.  59,  p.  271 ;  Dunstan 
and  Umney,  ibid.,  1892,  vol.  61,  p.  385).  Commercial  specimens  of 
aconitine  vary  considerably,  many  of  them  being  mixtures  (Dunstan 
and  Carr,  ibid.,  1893,  vol.  63,  p.  491).  Until  quite  recently  the  pure 
alkaloid  was  not  an  article  of  commerce.  It  is  a  crystalline  base, 
very  sparingly  soluble  in  water,  but  readily  dissolved  by  alcohol.  Its 
alcoholic  solution  is  dextrorotatory,  whilst  solutions  of  its  salts  are 
Ipevorotatory  (Dunstan  and  Ince,  loc.  cit.).  Even  very  dilute  solutions 
produce  a  characteristic  tingling  and  numbness  on  the  tongue  and  lips. 
The  alkaloid  suffers  decomposition  when  heated  to  its  melting  point ;  a 
molecular  proportion  of  acetic  acid  is  lost,  and  an  alkaloid  pyraconitine 
remains  (Dunstan  and  Carr,  Chem.  Soc.  Journ.,  1894,  vol.  65,  p.  176). 

1  Reprinted  from  the  Proceedings  of  the  Royal  Society,  vol.  62,  p.  338  (see  also 
Philosophical  Transactions,  1898,  190,  239). 
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The  hydrolysis  of  the  alkaloid  occurs  in  two  stages.  In  the  first, 
which  is  best  effected  by  heating  a  salt  of  aconitine  in  a  closed 
tube  with  water  (Dunstan  and  Carr,  ibid.,  vol.  65,  p.  290),  a  mole- 
cular proportion  of  acetic  acid  is  formed,  and  an  alkaloid  produced 
which  is  named  benzaconine,  the  chief  constituent  of  the  picraconitine 
and  napelline  of  previous  observers  (Dunstan  and  Harrison,  ibid.,  1893, 
vol.  63,  p.  443 ;  Dunstan  and  Carr,  ibid.,  1893,  vol.  63,  p.  991 ; 
Dunstan  and  Harrison,  ibid.,  1894,  vol.  65,  p.  174).  Further  hydro- 
lysis, by  alkalis  or  acids,  resolves  benzaconine  into  aconine  and  a 
molecular  proportion  of  benzoic  acid,  and  these  are  the  final  products 
of  hydrolysis. 

A  characteristic  qualitative  reaction  of  aconitine  is  the  formation 
of  a  crystalline  purple  precipitate  of  aconitine  permanganate  when 
a  faintly  acidified  solution  of  an  aconitine  salt  is  mixed  with  a  solution 
of  potassium  permanganate  (Dunstan  and  Carr,  Pharm.  Journ.,  1896, 
vol.  56,  p.  122).  Most  aconitine  salts  crystallise  well  from  a  solution 
in  water,  and  in  experiments  on  the  physiological  action  of  this 
alkaloid  an  aqueous  solution  of  the  hydrobromide  has  been  employed. 

Neither  the  composition  nor  constitution  of  aconitine  can  be  re- 
garded as  settled.  In  determining  the  exact  formula  by  which  the 
composition  is  best  expressed,  there  is  the  difficulty  of  deciding 
between  several  formula?  which  represent  the  composition  of  the 
alkaloid  within  the  limits  of  experimental  error.  Alder  Wright 
(Alder  Wright  and  Luff,  Chem.  8oc.  Journ.,  1877,  vol.  31,  p.  143) 
adopted  the  furmula  CojH^NOjo  as  best  expressing  the  composition. 
Later  observers,  Jiirgens  (Inaug.  Dissert.,  Dorpat,  1885),  Liibbe  (ibid., 
1891)  and  ourselves  have  so  far  accepted  a  formula  identical  with  or 
differing  but  slightly  from  that  of  Wright,  as  indicating  the  composition 
of  aconitine  and  its  derivatives.  Recently  Freund  and  Beck  (jBerichte, 
1894,  vol.  27,  p.  720)  have  proposed  for  aconitine  the  formula  C34H47 
NOn  instead  of  that  employed  by  us,  C33H45>T01.1,  since  they  have 
obtained  from  the  ultimate  analysis  of  the  pure  alkaloid  nearly  2  per 
cent,  more  carbon  than  was  found  by  Alder  Wright  and  his  colleagues, 
by  Jiirgens,  by  Liibbe,  or  by  ourselves.  The  question  of  composition 
is,  therefore,  still  unsettled,  and  can  probably  only  be  finally  decided 
by  the  analysis  of  simpler  derivatives  of  aconitine  than  have  been 
hitherto  dealt  with.  The  constitution  of  aconitine  cannot  be  considered 
until  more  is  known  of  the  simpler  derivatives  and  decomposition 
products.  For  the  purposes  of  the  present  discussion  it  may  be 
regarded  as  acetylbenzaconine,  but  nothing  is  at  present  known  of 
the  constitution  of  aconine. 

D'acetyl-aconitine  is  an  alkaloid  obtained  from  aconitine  by  acting 
upon  it  with  acetyl  chloride  (Dunstan  and  Carr,  Chem  Soc.  Journ., 
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1895,  vol.  67,  p.  459),  and  differing  from  it  in  containing  two  acetyl 
groups  in  the  place  of  two  atoms  of  hydrogen.  It  is  a  crystalline 
base,  very  sparingly  soluble  in  water,  but  readily  in  alcohol.  A 
solution  of  its  hydrobromide  in  water  was  used  for  the  determination 
of  its  physiological  action.  This  solution,  like  that  of  an  aconitine 
salt,  produces  a  persistent  tingling  and  numbness  of  the  tongue 
and  lips. 

Benzaconine,  the  product  of  the  partial  hydrolysis  of  aconitine, 
occurs  with  aconitine  in  Aconitum  Nctpellus  (Dunstan  and  Umney, 
loc.  cit.},  and  is  the  principal  constituent  of  the  substances  named 
napelline  and  picraconitine  by  previous  observers.  It  was  first  named 
by  us  isaconitine,  as  its  percentage  composition  was  found  to  agree 
within  the  limits  of  experimental  error  with  that  of  aconitine  (Dunstan 
and  Harrison,  ibid.,  1893,  and  Dunstan  and  Carr,  ibid.,  1894).  The 
base  is  amorphous  and  separates  from  a  solution  in  alcohol  and  ether 
as  a  varnish ;  it  dissolves  sparingly  in  water.  Solutions  of  the 
alkaloid  and  of  its  salts  are  very  bitter,  but  do  not  produce  the 
tingling  of  the  tongue  and  lips  which  is  so  characteristic  of  aconitine. 
Like  aconitine,  solutions  of  benzaconine  are  dextrorotatory,  whilst 
those  of  its  salts  are  hevorotatory.  When  hydrolysed  benzaconine 
furnished  aconine  and  benzoic  acid.  Although  the  base  has  not  been 
crystallised,  the  salts  of  benzaconine  crystallise  easily.  For  the 
experiments  on  the  physiological  action  an  aqueous  solution  of  the 
hydrobromide  has  been  employed.  Since  benzaconine  differs  from 
aconitine  only  in  the  absence  of  an  acetyl  group,  attempts  have  been 
made  to  re-form  aconitine  from  benzaconine  by  replacing  this  group. 
These  attempts  have,  however,  failed.  Benzaconine  does  not  furnish, 
under  the  several  conditions  tried,  a  monacetyl  derivative,  and  the 
compounds  which  have  been  prepared  containing  more  than  one  of 
these  groups  do  not  exhibit  any  of  the  characteristic  properties  of 
aconitine,  and  would  seem  to  be  isomeric,  not  identical ;  thus  the 
triacetylbenzaconine  is  isomeric  with  diacetylaconitine,  and  tetrace- 
tylbenzaconine  isomeric  not  identical  with  triacetylaconitine  (Dunstan 
and  Carr,  ibid.,  1895). 

Aconine  is  the  final  basic  product  of  the  hydrolysis  of  aconitine, 
with  which  it  occurs  in  Aconitum  Napellus  (Dunstan  and  Umney, 
ibid.,  1893).  It  is  an  amorphous  alkaloid  readily  soluble  in  water  and 
in  alcohol,  though  not  in  ether.  Its  solutions  are  sweet  in  taste, 
alkaline  in  reaction,  and  dextrorotatory — like  aconitine  and  benz- 
aconine ;  aconine  salts  being  also  laivorotatory.  The  salts  are  crystal- 
line ;  a  solution  of  the  hydrobromide  has  been  used  for  the  experiments 
described  in  this  paper. 

Adopting  Wright's  modified   formula   for  aconitine,  the   following 
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formulas  and  names  represent  the  alkaloids  dealt  with  in  the  present 
paper  (see  further,  Dunstan,  "The  Nature  of  Aconitine,"  Ph'trm. 
Jonrn.,  March  1894;  and  Collected  Papers  from  the  Research  Labora- 
tory of  the  Pharma-'f-ntical  Society,  vol.  2,  1896). 

Aconine,  C.^HggXO^. 

Sen zaconine,  C.24H3S(C6H5CO)NO10. 

tylbenzacon  ine  (aeon  itine),  C.14H37(CH8CO  )(C6H5CO)NO10. 

Diacetylacon it  ine,  a,4Hi5(CH3C6)3(C6H5CO)NOJ0. 

As  aconitine  has  been  so  largely  used  by  previous  workers,  its 
action  will  be  treated  of  in  greater  detail  than  will  be  necessary 
when  considering  its  derivatives  or  its  allies  obtained  from  other 
varieties  of  aconite. 

The  modes  of  action  of  aconitine,  diacetylaconitine,  benzaconine, 
and  aconine,  respectively,  have  been  tested  with  regard  to  the 
following  points — 

1.  Their  effect  upon  the  blood   pressure,  pulse,  and  respiration  of 
anaesthetised  cats. 

2.  Their  general  effect,  and  especially  their  action  upon  temperature 
and  respiration  of  rabbits,  and  (occasionally)  of  guinea-pigs. 

3.  Their  general   toxic  action   towards   frogs  with   their  effect   in 
detail  upon  circulation,  respiration,  cord  reflex,  motility,  and  cutaneous 
sensation  of  these  animals. 

4.  Their  lethal  dose  towards  some  or  all   of   the  various  animals 
employed . 

AVhilst  the  scope  of  this  paper  will  be  limited  to  these  alkaloids, 
there  are  many  other  alkaloids  and  derivatives  closely  allied  to 
aconitine  which  have  been  under  examination,  and  it  is  intended  to 
present  a  further  communication  concerning  them  with  as  little 
delay  as  possible.  Among  them  may  be  named  psendaconitine,  the 
alkaloid  of  A.ferax;  japa^onitine,  the  alkaloid  of  A.  japonic-urn  or 
Fischeri,  as  well  as  several  derivatives  of  aconitine. 

The  following  is  a  summary  of  the  pharmacological  action  of  the 
alkaloids. 

Action  on  the  Circulation. 

Aconitine  at  first  stimulates  medullary  centres  slowing  the  heart, 
acceleration  follows,  auricles  and  ventricles  taking  up  an  irregular  and 
(at  one  stage  of  toxic  action)  independent  rhythm.  Imperfect  systole 
(especially  in  the  ventricles)  develops.  Irritability  of  ventricular 
wall  is  much  increased.  Extensive  variations  of  blood  pressure  accom- 
pany the  preceding  phenomena.  After  great  ventricular  acceleration 
with  very  imperfect  systole,  delirium  of  the  ventricles  supervenes. 
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The  vagus  (stimulated)  continues  to  restrain  speed  of  contraction 
(especially  acting  upon  the  auricle),  and  may  favour  closer  sequence 
of  ventricular  upon  auricular  systole,  so  as  to  cause  a  rise  in  blood 
pressure.  For  the  same  reason  during  a  stage  of  sequence,  it  may 
cause  the  usual  effect  (fall  of  pressure).  In  slow  poisoning  the 
cardiac  vagus  on  stimulation  ceases  to  produce  any  effect.  Atropine 
is  unfavourable  to  the  independent  rhythm  of  auricles  and  ventricles 
and  also  to  the  ultimate  reduction  of  ventricular  action  to  incoordinate 
contraction  (delirium). 

The  vaso-motor  centre  is  at  first  stimulated,  but  later  depressed  in 
function,  but  peripheral  splanchnic  stimulation  is  active  to  some  degree 
throughout  poisoning. 

Diacetylaconitine,  whilst  producing  effects  in  the  main  resembling 
those  of  aconitine,  shows  less  tendency  to  cause  independent  rhythm 
of  ventricles  upon  auricles.  In  half  the  experiments  made  a  failure 
of  systole  occurred  without  asequence,  in  the  remaining  half  an 
aconitine-like  effect  was  witnessed. 

The  cardiac  vagus  is  less  affected  than  by  aconitine,  but  the  result 
of  its  stimulation  depends  much  upon  the  sequence  or  non-sequence  of 
ventricular  upon  auricular  action  present  at  the  time. 

The  vaso-motor  centre  and  peripheral  vaso-constrictors  respond  to 
this  alkaloid  much  as  they  do  towards  aconitine,  but  stimulation  in  the 
early  stage  of  action  is  less  marked. 

Benzaconine. — After  very  brief  pulse  acceleration,  slowing  with 
reduction  of  blood  pressure  occurs,  the  latter  being  due  mainly  to 
the  depression  of  the  motor  mechanism  within  the  heart.  After  a 
stage  of  irregularity,  during  which  full  diastole  of  both  auricles  and 
ventricles  is  exceptional,  a  blocking  of  auricular  impulses  to  the 
ventricle  succeeds,  so  that  a  rhythm  of  2  to  1  is  produced.  (After 
aconitine  this  state  of  affairs  is  largely  reversed.)  Complete  though 
transitory  failui'e  in  the  production  of  a  spontaneous  beat  (the 
ventricles  being  first  involved,  then  the  auricles)  is  seen  in  a  large 
proportion  of  experiments.  This  is  not  due  to  stimulation  of  inhibitory 
apparatus,  which  is  put  out  of  action  by  atropine,  for  the  phenomenon 
occurs  after  atropine.  It  is  referable  rather  to  depression  of  the 
motor  apparatus.  Contraction  returns  spontaneously,  either  from 
spontaneous  revival  in  excitability  of  this  apparatus,  or  from  stimulation 
of  the  highly  venous  blood. 

The  vaso-motor  centre,  though  depressed  in  function,  retains  some 
action,  until  the  very  low  pressure  is  reached  which  invariably  precedes 
death. 

Vagus  stimulation  causes  slowing,  until  in  a  late  stage  of  poisoning, 
the  blood-pressure  remaining  very  low,  its  action  fails.  After  effective 
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stimulation,  pressure  rises  beyond  the  original  level  from  acceleration 
of  the  heart  and  strengthening  of  the  systole. 

Digitalin  is  the  most  effective  antagonist  towards  benzaconine. 

Aconine  is,  relatively  to  the  three  compounds  just  considered,  harm- 
less towards  the  heart.  At  first  it  stimulates  the  vagal  roots  slightly, 
causing  a  slower  beat.  As,  however,  it  strengthens  the  systole  of  the 
ventricle  the  blood-pressure  rises,  and  is  maintained  at  a  high  level 
throughout  a  long  experiment.  Asequence  or  disorder  of  rhythm  is 
not  produced,  but  an  antagonistic  effect  is  shown  towards  aconitine 
and  diacetylaconitine.  In  this  action,  aconine  opposes  independent 
rhythm  of  auricles  and  ventricles  facilitating  the  transmission  of  the 
normal  impulse,  and  it  reduces  the  tendency  to  delirium  of  the  ventricle. 
Only  lethal  doses  reduce  the  activity  of  cardiac  vagus  terminations. 
The  vaso-motor  centre  is  practically  unaffected. 

The  circulation  remains  active  in  frogs  for  days,  in  entire  absence  of 
reflex  and  respiratory  movements. 

Action  "it.   Respiration. 

Aconitine  at  first  stimulates  the  respiratory  centre  and  the  sensory 
vagal  fibres  in  the  lung.  Depression  rapidly  follows,  death  in  mammals 
being  due  to  central  respiratory  failure.  The  peripheral  innervation  of 
respiratory  muscles  is  not  interfered  with. 

Diacetylaconitine  produces  a  slighter  initial  stimulation  than  aconi- 
tine. Death  results  from  central  failure.  Pulmonary  cedema  is 
commonly  observed  in  rabbits.  Respiratory  spasni  occurs  at  death. 

Benzaconine  does  not  appear  to  stimulate  either  respiratory  centres 
or  pulmonary  vagus  as  do  the  two  former.  The  centres  are  depressed 
from  the  first ;  respiratory  failure  induces  death  without  spasm ;  to 
this  the  reduced  action  of  motor  nerve  endings  in  respiratory  muscles 
contributes. 

Aconine,  whilst  slowing  the  respiration  from  its  action  upon  the 
centres,  possesses  a  pronounced  curare-like  action  upon  motor  nerve 
endings  in  respiratory  muscles.  No  spasm  attends  death. 

Action  on  the  Xervous  System. 

Aconitine  in  large  doses  causes  occasional  loss  of  consciousness,  with 
failure  of  conjunctival  reflex  and  dilated  pupil.  This  is  not  a  directly 
narcotic  effect,  but  is  secondary  to  reduced  oxidising  power  of  the 
blood  from  circulatory  and  respiratory  impairment.  For  a  time  there 
is  evidence  of  stimulation  of  motor  areas,  and  especially  of  the  medulla 
with  its  contained  centres ;  to  this  depression  succeeds ;  reflex  centres 
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in  the  cord  are  stimulated,  and  then  depressed  by  large  doses.  In 
frogs,  voluntary  movement  outlasts  reflex.  Sensory  nerves  at  the 
periphery  are  depressed  in  function  after  very  transitory  stimulation, 
whilst  motor  nerves  are  practically  unaffected. 

Diacetylaconitine  produces  a  stimulation  of  the  medulla,  but  less 
in  degree  than  that  caused  by  aconitine.  The  subsequent  depression, 
especially  of  the  respiratory  centre,  is  well  marked,  the  respiration 
being  relatively  more  affected  than  the  circulation.  The  general  reflex 
function  of  the  cord  is  depressed  after  preliminary  excitement.  The 
action  with  reference  to  sensory  nerves  is  the  same  as  that  of  aconitine, 
but  motor  nerve  terminations,  though  they  are  not  powerfully  affected, 
are  reduced  in  activity  by  diacetylaconitine. 

Benzaconine  causes  a  lethargic  and  ultimately  semi-narcotised  con- 
dition, which  is  referable  to  low  intracranial  blood-pressure  as  well 
as  to  a  direct  action  upon  the  cortex.  Whilst  the  medullary  centres 
are  early  depressed,  both  direct  and  cross  cord  reflexes  are  elicited 
in  a  limb  excluded  by  vascular  ligature  from  access  of  the  alkaloid. 
Sensory  nerves  are  unaffected  except  in  deep  poisoning.  On  the  other 
hand,  motor  nerves  and  their  terminations  are  reduced  in  function,  a 
peculiar  intermittency  of  response  following  stimulation. 

Aconine  produces  in  mammals  loss  of  volition  and  impairment  of 
conjunctival  reflex  only  shortly  before  a  large  dose  proves  fatal. 
Motility  is  interfered  with,  but  this  is  mainly  due  to  a  curare-like 
effect  upon  motor  nerve  endings.  The  respiratory  centre  is  depressed, 
respiration  failing  when  the  heart  still  beats  vigorously. 

Action  on  Oxidation  Processes. 

All  the  four  alkaloids  here  considered  reduce  the  oxidising  power 
of  vegetable  protoplasm ;  aconitine  being  most  and  aconine  least  active. 
Diacetylaconitine  is  more  energetic  than  benzaconine. 

Action  on  Internal  Temperature. 

Aconitine  produces  a  fall  (exceptionally  preceded  by  a  slight  rise), 
which  increases  as  respiratory  slowing  develops,  but  the  minimum 
is  reached  (50-70'  in  rabbits)  after  a  partial  recovery  of  respiration. 
Exposure  to  a  cold  atmosphere  increases  the  fall  and  delays  the 
recovery.  Diminished  oxidation  produced  directly,  and  through 
impairment  of  circulation  and  respiration  indirectly,  is  causal  to 
the  fall. 

A  dose  of  aconitine  less  than  half  the  lethal  proportion  will  cause  a 
fall  of  nearly  2°  C.  below  the  normal. 
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Diacetyl  aconitine  occasions  less  effect  than  aconitine  on  the  temper- 
ature when  the  dose  bears  an  equal  relationship  to  the  respective 
lethal  doses.  This  is  due  to  a  less  vigorous  action  on  heart  and 
respiration.  Like  aconitine,  it  interferes  both  indirectly  and  directly 
with  oxidation. 

Benzaconine  produces  a  trifling  reduction  of  temperature  until  a 
dose  is  reached  which  greatly  reduces  the  pulse  and  speed  of  respir- 
ation, when  a  proportionate  fall  occurs.  The  reduction  of  muscular 
movement  tends  still  further  to  limit  heat  production.  Proportion- 
ately to  its  toxic  dose  the  effect  is  not  so  active  as  in  the  case  of 
d  iacety  laconitine. 

Aconine  is  inoperative  towards  body  temperature,  except  in  very 
large  doses,  which  enfeeble  respiration  and  cause  a  curare-like  action 
on  motor  nerve  terminations.  Even  then  the  effect  is  relatively 
slight,  as  the  heart  remains  active  and  the  vase-constrictor  system  is 
still  in  play  (lethal  dose  causing  death  (guinea-pig)  in  60'  reduced  the 
temperature  by  1'73  C.). 

Action  on  Skeletal  Muscle. 

Aconitine  does  not  in  ordinary  lethal  doses  materially  affect  irrit- 
ability, capacity  for  work,  or  form  of  contraction  of  frog's  muscle. 
Exposure  to  the  direct  action  of  aconitine  solutions  causes  fibrillation 
and  lengthening  of  the  muscle  curve  (an  effect  resembling  slight  vera- 
trine  action  has  been  described).  Fibrillation  is  abolished  by  aconine 
and  curare,  and  is  therefore  not  attributable  to  the  action  of  aconi- 
tine directly  on  muscular  tissue,  but  to  a  stimulation  of  motor  nerve 
endings. 

Diacftylaconitine  reduces  the  irritability  of  muscular  tissue,  the 
muscle  (after  poisoning  in  situ)  is  more  readily  fatigued,  the  curve  of 
contraction  therefore  losing  in  altitude  whilst  increasing  in  length. 

Benzacunine  in  large  doses  produces  rapid  fatigue  with  failure  of 
contractility,  which  is,  however,  restored  by  rest.  Contact  of  strong 
solutions  reduces  excitability  and  capacity  for  work. 

Aconine  in  doses  sufficient  to  immobilise  frogs  is  inoperative.  Larger 
quantities  slightly  reduce  excitability  and  capacity  for  work,  but  have 
not  the  action  so  characteristic  of  benzaconine. 


Lethal  Doses. 

The  results  are  stated  in  decimals  of  a  gram  per  kilo,  of  the  body 
weight,  and  where  two  figures  are  given  the  lethal  dose  lies  between 
them. 
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Cat. 

Rabbit. 

Guinea-pig. 

Frog  (R.  temp.  ). 

Aconitine  . 

Diacetyl-aco-  \ 
nitine     .       / 
Benzaconine 

0-000134 

0-004-0-00515 
0-0245 

0-000139 

0-0042 
0-0272 

0-00012      { 

0-0042 
0-0238-0-0293 

0-000586  (March) 
0-0014  (July) 

0-039 
0-284 

Aconine    . 

0-1G6-0-4 

— 

0-275 

1  '055-1  '75 

General  Conclusions. 

It  would  therefore  appear  from  our  study  of  the  pharmacology  of 
these  alkaloids,  that  the  introduction  of  two  additional  acetyl  groups 
into  the  molecule  of  aconitine  does  not  create  any  pronounced  variation 
in  the  pharmacological  action,  but  results  merely  in  a  general  weakening 
of  the  characteristic  action  of  the  parent  alkaloid. 

Considering  next  the  effect  of  removing  the  acetyl  group  from 
aconitine,  which  is  seen  in  the  behaviour  of  benzaconine,  we  find  that 
the  characteristic  features  of  aconitine  action  are  almost  entirely 
annulled.  The  great  toxic  power  of  aconitine  has  been  greatly 
reduced,  so  that  the  lethal  dose  of  benzaconine  for  both  cold-  and 
warm-blooded  animals  is  relatively  so  considerable  as  to  remove  it 
from  the  class  of  poisons  in  the  ordinary  acceptation  of  the  term. 

In  the  action  of  benzaconine  on  the  heart  and  circulation  very  little 
trace  of  the  effects  of  aconitine  can  be  observed  ;  whilst  after  the 
administration  of  aconitine  the  ventricles  ultimately  beat  more  rapidly 
than,  and  often  independently  of,  the  auricles,  the  opposite  is  the  case 
in  the  action  of  benzaconine.  On  the  heart,  indeed,  it  acts  to  some 
extent  as  the  antagonist  of  aconitine,  causing  slowing,  especially  of  the 
ventricles,  in  opposition  to  the  great  acceleration  produced  by  aconitine, 
so  that  in  a  certain  measure  it  is  observed  that  benzaconine  behaves  as 
an  antidote  to  aconitine  poisoning,  though  not  so  effectively  as  atropine. 
This  is  a  point  of  considerable  practical  importance  when  it  is  remem- 
bered that  benzaconine  occurs  to  a  variable  extent  with  aconine  in  A. 
Napellus,  from  which  plant  the  ordinary  medicinal  preparations  are 
made. 

The  removal  of  the  acetyl  group  has  also  abolished  the  stimulating 
effect  of  aconitine  on  the  respiratory  centres  and  the  pulmonary  vagus. 
On  the  other  hand,  in  its  general  action  on  the  respiration  and  on 
temperature  a  certain  resemblance  is  traceable  between  the  depressant 
action  of  benzaconine  and  aconitine.  Peripherally  benzaconine 
depresses  the  activity  of  motor  nerve  endings  and,  in  a  lesser  degree, 
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of  skeletal  muscular  tissue,  whilst  aconitine  acts  principally  upon 
sensory  nerve  terminations. 

In  contrasting  the  action  of  aconine  with  that  of  benzaconine  we 
are  studying  the  effect  of  withdrawing  a  benzoyl  group.  It  has  been 
seen  that  in  removing  the  acetyl  group  from  aconitine  we  produce  an 
alkaloid  which  is  no  longer  a  virulent  heart  poison  ;  the  removal  of  the 
benzoyl  or  benzoic  group  from  benzaconine  furnishes  aconine  which  is 
so  far  from  being  a  heart  poison  that  it  may  be  ranked  as  a  general 
cardiac  tonic,  and  in  virtue  of  this  action  as  the  antagonist  of  aconitiue. 
In  a  much  greater  degree  than  benzaconine  it  is  an  antidote  to  aconi- 
tine, so  much  so  that  we  have  found  that  the  administration  of  aconine 
is  successful  in  averting  in  small  animals  the  effect  of  a  lethal  dose  of 
aconitine.  Amongst  the  distinctive  features  in  the  pharmacological 
action  of  aconine  is  to  be  noticed  a  curare-like  effect  on  the  motor 
nerve  endings  of  the  muscles  which  is  not  observed  with  either  aconi- 
tine or  diacetyl-aconitine.  No  fault  of  sequence  between  ventricles 
and  auricles,  such  as  is  observed  (though  in  an  opposite  direction)  after 
the  administration  of  aconitine  and  benzaconine.  can  be  observed  in  the 
action  of  aconine.  Aconine  cannot  be  classed  as  a  poisonous  alkaloid, 
very  large  doses  being  necessary  to  produce  death  even  in  frogs. 

The  results  of  this  inquiry,  which  has  occupied  the  authors  for  the 
greater  part  of  four  years,  brings  out  in  a  most  striking  manner  the 
almost  complete  dependence  of  the  extraordinary  toxic  power  and 
pharmacological  action  of  the  aconitine  molecule  on  the  presence  of  the 
radical  (acetyl)  of  acetic  acid,  whilst,  in  a  lesser  degree,  the  action  of 
benzaconine  is  seen  to  depend  on  the  existence  in  the  molecule  of  this 
alkaloid  of  the  radical  (benzoyl)  of  benzoic  acid.  The  inertness  of  the 
alkaloid  aconine,  denuded  of  both  the  acetyl  and  benzoyl  groups  of 
aconitine,  seems  to  the  authors  to  be  one  of  the  most  interesting  facts 
in  chemical  pharmacology.  From  the  practical  point  of  vie\v  the 
authors  regard  the  demonstration  of  the  antagonism  of  aconine  and 
benzaconine  towards  aconitine  as  an  important  result  of  this  investi- 
gation, which,  taken  as  a  whole,  it  is  -believed  will  throw  into  clearer 
light  the  mode  of  action  of  the  alkaloids  of  Aconitum  Napelhis. 

The  chemical  part  of  this  inquiry,  for  which  one  of  us  (D.)  is 
responsible,  has  been  conducted  at  first  in  the  Research  Laboratories 
of  the  Pharmaceutical  Society,  and  afterwards  in  the  Scientific  Depart- 
ment of  the  Imperial  Institute.  The  pharmacological  experiments 
have  been  made  in  the  Department  of  Pharmacology,  in  the  University 
of  Aberdeen. 

In  conclusion,  we  desire  to  acknowledge  the  assistance  which  has 
been  rendered  to  our  work  by  the  Royal  Society,  which  has  made 
several  grants  from  the  Government  Fund,  and  we  wish  to  express 
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our  indebtedness  on  the  chemical  side  to  those  whose  names  have  been 
referred  to,  and  especially  to  Mr.  Francis  H.  Carr,  Salters'  Research 
Fellow  in  the  Laboratories  of  the  Imperial  Institute.  In  the  conduct 
of  the  pharmacological  experiments  Dr.  Robb,  Dr.  Findlay,  and  Dr. 
Arthur  Lister  have  rendered  valuable  service. 


The  Pharmacology  of  Pseudaconitine  and  Japaconitine 
considered  in  relation  to  that  of  Aconitine.1 

By  J.  THEODORE  CASH,  M.D.,  F.R.S.,  and  WYNDHAM  R.  DUNSTAN, 
M.A.,  F.R.S. 

(Abstract.) 

IN  a  previous  paper  on  the  Pharmacology  of  Aconitine  and  some  of 
its  principal  derivatives  (Phil.  Trans.  B,  1898,  vol.  190,  p.  239;  see 
also  this  vol  .p.  70),  we  have  given  an  account  of  the  physiological 
action  of  this,  the  highly  toxic  alkaloid  of  Monkshood  (Aconitum 
Napellus),  and  of  its  principal  derivatives,  and  we  have  also  discussed 
the  ascertained  physiological  effects  of  these  substances  in  relation  to 
their  chemical  constitution.  The  results  of  this  investigation  have 
proved  to  be  of  much  practical  importance  in  connection  with  the 
pharmaceutical  and  medical  employment  of  aconite,  especially  iii 
demonstrating  the  partial  antagonism  to  aconitine  of  benzaconine, 
and  in  a  greater  degree  of  aconine,  both  of  which  derivatives  accom- 
pany the  parent  alkaloid  in  the  plant  and  in  the  pharmaceutical 
preparations  made  from  it,  which  have  been  hitherto  used  medicinally. 
Although  it  seems  likely  that  these  separate  alkaloids,  and  especially 
aconine,  may  be  useful  as  therapeutic  agents,  it  is  now  clear  that  for 
the  purpose  for  which  aconite  is  employed,  the  pure  alkaloid,  aconitine, 
should  be  used  in  the  place  of  the  indefinite  mixture  of  physiologically 
antagonistic  alkaloids  contained  in  pharmaceutical  preparations  made 
from  the  plant. 

In  a  series  of  papers  communicated  to  the  Chemical  Society,  and 
published  in  the  Journal  of  the  Chemical  Society  (1891-99),  one  of  us, 
in  conjunction  with  his  pupils,  has  described  the  chemical  properties  of 
the  toxic  alkaloid  contained  in  two  other  species  of  alkaloid,  viz., 
Aconitum  ferox  or  Indian  or  Nepaul  Aconite,  and  Aconitum  Fischeri 

1  Reprinted  from  the  Proceedings  of  the  Royal  Society,  vol.  68,  p.  379.  See  also 
Philosophical  Transactions,  1902,  195,  39. 


1  DACOX1TINE    AND   JAPACONIT1NE.  sl 

or  Japanese  Aconite.  The  medicinal  employment  of  these  potent  drugs 
has  been  verv  restricted  in  the  absence  of  any  definite  knowledge  us  t-> 
the  nature  of  their  constituents  and  the  physiological  action  to  which 
they  give  rise. 

•It a m  j\rox  has  long  been  known  to  botanists  and  travellers  in 
India  as  a  poisonous  plant  of  great  virulence.  It  is  used  in  Indian 
medical  practice  under  the  vernacular  name  of  "  Bikh."  There  appear, 
however,  to  be  several  varieties  of  aconite  passing  under  this  vernacular 
name.  This  is  a  subject  which  we  are  at  present  investigating  with 
the  assistance  of  the  Government  of  India. 

In  187*  Alder  W right  isolated  a  crystalline,  highly  toxic  alkaloid, 
from  the  root  of  the  plant,  and  named  it  pseudaconitiiie.  In  1897 
(Froc.  Chem.  .Soe.,  1895,  p.  154  :  Trans.  Clum.  Soc.,  1897,  p.  350;  also 
this  vol.  p.  40)  one  of  us  gave  an  account  of  a  complete  investigation 
of  the  chemistry  of  this  alkaloid,  the  results  of  which  have  led  to  a 
modification  in  certain  important  respects  of  the  conclusions  arrived 
at  by  Wright  and  his  co-workers.  Our  results  have  been  confirmed 
by  Fieuud  and  Nieclerhoffheim  (B^r.,  vol.  29,  pp.  6,  8" •'. 

For  details  of  the  chemistry  of  pseudaconitine  and  its  derivatives 
reference  must  be  made  to  the  paper   already  referred  to  (Hoc. 
We  may  here  briefly  record  the  chief  properties  of  the  alkaloid. 

Pseudacouitine  is  a  crystalline  alkaloid  whose  composition  differs 
from  that  of  aconitine,  being  expressed  by  the  formula  C3,.|H4,1NO1.1. 
The  crystals  melt  at  202  \  and  are  sparingly  soluble  in  water,  but 
readily  in  alcohol.  The  salts  are  usually  crystalline  and  soluble  in 
water.  Their  solutions  and  those  of  the  base  produce,  in  excessively 
minute  quantities,  a  persistent  tingling  of  the  tongue,  lips,  and  other 
surfaces  with  which  they  are  placed  in  contact,  in  this  respect  re- 
sembling aconitine  and  its  salts,  which  produce  the  same  effect. 

When  heated  in  the  dry  state  at  its  melting  point  pseudaconitine 
evolves  a  molecular  proportion  of  acetic  acid,  leaving  another  alkaloid, 
pyropseudaconitine.  Tliis  alkaloid,  like  the  corresponding  pyro- 
derivative  of  aconitine,  does  not  give  rise  to  the  characteristic  tingling 
effects  of  the  parent  base. 

When  a  salt  of  pseudacouitine  is  heated  in  a  closed  tube  with  water, 
as  in  the  case  of  aconitine,  partial  hydrolysis  occurs  with  the  loss  of  a 
molecule  of  acetic  acid,  an  alkaloid,  veratrylpseudaconine,  being  left. 
This  alkaloid,  like  the  corresponding  benzaconine,  derived  by  similar 
means  from  aconitine,  produces  neither  the  tingling  sensation  nor  the 
toxic  effects  of  the  parent  base. 

The  complete  hydrolysis  of  pseudaconitine,  which  is  reached  when 
the    above-mentioned    veratrylpseudaconine    is    heated    with   alkalis, 
produces,  instead  of  the  benzoic  acid  furnished  by  aconitine.  veratric 
II. 
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or  dimethylprotocatechuic  acid,  together  with  a  base,  pseudaconine, 
not  susceptible  of  further  hydrolysis.  Whilst  there  is  thus  a  strong 
general  resemblance  in  chemical  constitution  between  pseudaconitine 
and  aconitine,  the  benzoic  radical  of  aconitine  is  replaced  in  pseud- 
aconitine by  the  veratric  radical  of  veratric  acid,  whilst  there  are 
probably  also  constitutional  differences  in  the  central  nucleus. 

The  composition  and  properties  of  the  toxic  alkaloid  present  in 
Japanese  aconite,  "  Kuza-uzu,"  regarded  by  botanists  as  Aconitum 
japonicum  or  A.  Fischeri,  has  been  the  subject  of  some  dispute  among 
chemists  who  have  examined  it.  Wright  regarded  it  as  chemically 
different  from  aconitine,  both  in  composition  and  in  structure,  being 
an  anhydro-  or  apo-derivative  formed  by  the  loss  of  water  and  con- 
jugation of  two  molecules  of  an  unknown  alkaloid  of  the  aconitine 
type.  He  assigned  to  it  the  formula  C00HS8N.,O21.  Liibbe  afterwards 
studied  the  properties  of  japaconitine,  and  pronounced  it  to  be  identical 
with  aconitine,  and,  more  recently,  Freund  and  Beck  have  reached  the 
same  conclusion.  Later,  one  of  us,  in  conjunction  with  H.  M.  Read 
(Journ.  Chem.  Soc.,  1899 ;  also  this  vol.  p.  49),  subjected  japaconitine 
to  a  very  detailed  investigation,  in  the  course  of  which  its  properties 
and  those  of  its  principal  derivatives  were  denned  and  compared 
closely  with  those  of  aconitine.  We  believe  that  these  results  leave 
little  room  for  doubting  that  japaconitine  is  a  distinct  alkaloid  different 
from  aconitine,  although  Wright  was  mistaken  in  the  view  he  took  of 
its  composition  and  constitution.  Superficially  japaconitine  bears  a 
very  strong  resemblance  to  aconitine ;  it  is,  however,  slightly  different 
in  composition,  and  the  physical  properties  of  its  derivatives  do  not 
agree  with  those  of  aconitine.  To  this  alkaloid  we  have  provisionally 
assigned  the  formula  C34H49NOn,  and  have  retained  for  it  the  name 
of  japaconitine  suggested  by  Wright. 

In  general,  the  decomposition  of  japaconitine  resembles  that  of 
aconitine,  but  the  physical  properties  of  the  resulting  derivatives  are 
not  the  same.  By  the  action  of  heat  it  furnishes  acetic  acid  and 
pyrojapaconitine ;  on  partial  hydrolysis,  japbenzaconine  is  obtained 
besides  acetic  acid  ;  whilst  on  complete  hydrolysis,  the  products  are 
acetic  acid,  benzoic  acid,  and  japaconine.  AVhilst  therefore  the  con- 
stitution of  the  central  nucleus  appears  to  be  different,  both  aconitine 
and  japaconitine  contain  the  acetyl  and  benzoyl  groups,  whilst  in 
pseudaconitine  the  acetyl  and  veratryl  groups  are  present. 

In  the  present  paper  the  physiological  action  of  specially  purified 
pseudaconitine  and  japaconitine  is  recorded  and  compared  with 
aconitine. 

The  differences  found  are  nearly  always  differences  of  degree  and  not 
differences  of  kind,  a  result  which  bears  out  the  close  constitutional 
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relationship  which  is  to  be  inferred  from  their  chemical  reactions. 
Although  there  are  probably  constitutional  differences  in  the  central 
nuclei  of  the  three  alkaloids,  the  same  constitutional  type  is  to  be  seen 
in  each,  and  the  substitution  of  a  veratryl  group  (in  pseudaconitine) 
for  an  acetyl  group  (in  aconitine)  counts  for  little  in  influencing  the 
characteristic  physiological  action. 

In  order  to  bring  the  action  of  aconitine,  pseudaconitine,  and 
japaconitine  into  a  contrast,  which  may  be  readily  apprehended  at  a 
glance,  the  following  summary  will  be  useful. 

H-.-iri. — All  three  alkaloids  have  a  similar  effect  upon  the  heart  of 
such  mammals  as  have  been  observed.  Pseudaconitine  is  quantitatively 
more  energetic  than  the  other  two,  towards  cats,  but  is  certainly  not 
nearly  twice  as  toxic  when  artificial  respiration  is  practised.  Towards 
the  frog's  heart  pseudaconitine  is  slightly  less  powerful  than  the  other 
two,  of  which  japaconitine  is  rather  the  more  active. 

Va'l'if  X'.i-r':  and  Inhibitory  Mechanism  in  Heart. — Heart  slowing 
from  increased  central  vagus  activity  is  produced  by  all  these  alkaloids, 
and  similar  results  follow  section  and  stimulation  of  the  nerve  at  this 
and  later  stages  of  poisoning  by  one  and  all  of  them,  both  in  mammals 
and  frog-. 

Respiration. — There  is  less  tendency  to  acceleration  of  respiration 
in  mammals  poisoned  by  pseudaconitine  than  when  the  other  t\vo 
alkaloids  are  employed ;  further,  the  dyspnoeal  conditions  develop  more 
suddenly,  and  the  central  depression  of  respiration  is  greater.  Jap- 
aconitine is  at  first  slightly  more  depressant  than  aconitine,  but  there- 
after the  tendency  to  acceleration  of  respiration  is  sooner  developed, 
otherwise  the  general  features  of  their  action  are  similar. 

Blood. — All  the  aconitines  produce  a  deleterious  effect  upon  the 
haemoglobin  and  coloured  corpuscles  of  the  blood  when  they  are  given 
repeatedly  in  large  doses.  As  far  as  has  been  ascertained  this  is  due 
to  impairment  in  the  nutrition  of  the  animal  rather  than  to  a  direct 
action. 

Frogs  kept  in  a  wateiy  medium  or  in  contact  with  a  moist  surface 
develop  cedema  after  receiving  any  of  the  aconitines,  but  this  condition 
is  most  marked  and  the  hydnenu'a  of  the  blood  is  more  pronounced  and 
lasting  after  pseudaconitine. 

Brain  and  Cord. — All  aconitines  appear  to  have  a  similar  effect 
qualitatively  on  the  brain  and  cord  of  rabbits,  pigeons,  and  frogs. 

Temperature.—  The  initial  elevation  of  temperature  often  seen  in 
rabbits  which  have  received  aconitine  or  japaconitine  is  less  frequently 
observed  after  pseudaconitine.  A  slightly  greater  and  more  enduring 
fall  of  internal  temperature  is  witnessed  after  the  latter,  when  the  dose 
is  large  and  bears  a  like  relationship  to  the  lethal  amount. 
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Repeated  Administration. — Some  tolerance  is  established  on  the  part 
of  rabbits  towards  all  the  aconitines,  and  this  is  manifested  with 
reference  to  temperature  reduction,  to  the  cardiac  effect,  and,  to 
a  lesser  extent,  to  respiration ;  the  general  toxicity  undergoing  a 
reduction  which  is  not,  however,  extensive.  Less  tolerance  is  shown 
towards  pseudaconitine  than  towards  the  other  two ;  it  has  been  found 
impossible  hitherto  to  determine  how  far  rapidity  of  elimination  varies 
between  the  alkaloids. 

Sensory  Nerves. — Local  applications  of  the  aconitine  ointments  of 
equal  strengths  are  followed  by  a  somewhat  more  powerfully  depressant 
and  enduring  effect  when  these  contain  aconitine  or  japaconitine  than 
pseudaconitine.  This  statement  has  reference  to  cutaneous  sensory  and 
thermic  impressions  in  the  human  subject.  The  difference  is  at  most 
but  slight. 

Motor  Nerve  and  Muscle. — The  action  of  the  individual  alkaloids  is 
much  the  same  whether  specimens  of  R.  esculenta  or  R.  temporaries  are 
used.  It  is  more  difficult  to  reduce  reaction  or  to  produce  insen- 
sitiveness  of  the  intramuscular  motor  nerves  by  pseudaconitine  than 
by  the  other  alkaloids.  The  so-called  curare-like  action  has  been  found 
for  all  the  alkaloids  to  be  much  feebler  than  was  at  one  time  supposed. 

Direct  contact  of  the  alkaloidal  solutions  with  muscle-nerve  pre- 
parations reduces  excitability,  the  muscle  being  affected  by  solutions 
containing  less  than  1  in  1,000,000,  and  the  nerve  by  solutions  still 
weaker.  Pseudaconitine  is  recognised  as  producing  a  rather  weaker 
effect  than  the  two  other  alkaloids,  which  are  nearly  equal  to  one 
another,  japaconitine  being  slightly  the  more  energetic. 

The  results  of  the  experiments  detailed  in  this  paper  do  not  in  all 
respects  agree  with  previous  observations ;  especially  is  this  the  case 
with  regard  to  the  relative  toxicities  of  the  three  aconitines.  The 
general  order  of  toxicity  towards  mammals  is  pseudaconitine,  jap- 
aconitine, and  aconitine,  which  is  the  least  toxic.  Pseudaconitine  has 
been  found  (roughly  speaking)  twice  as  toxic  as  aconitine  towards  the 
small  mammals  and  birds  used  in  the  research.  This  agrees  closely 
with  the  results  of  Adelheim  (Forens.  Chem.  Untersuch,  Dorpat,  1860), 
and  Bb'hrn  and  Ewers  (Arch.  f.  Exp.  Path.  it.  Pharm.,  1873,  Bd.  1, 
p.  385).  Cloetta  (Lehbr.  d.  Arzneim.  u.  Arzneiverordnungsl.,  Freib., 
1885)  states  that  pseudaconitine  is  the  stronger  alkaloid,  but  gives  no 
proportion.  Our  results  differ  from  those  of  Nothnagel  and  Rossbach 
(Mat.  Med.  u.  Therap.,  Fr.,  1880,  685),  who  state  that  pseudaconitine 
is  seventeen  times  as  active  as  aconitine,  and  of  Harnack  and  Meunicke 
(Berl.  Itlin.  Wchsch.,  1883,  No.  43,  p.  657),  who  find  the  under  margin 
of  active  dosage  equal.  Kobert  (Lehbr.  d.  Intox.,  p.  657)  finds  pseud- 
aconitine and  aconitine  to  be  in  activity  "ziemlich  gleich." 
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The  relative  toxicity  of  japaconitine  to  aconitine  is  approximately 
as  ten  to  about  nine  towards  the  small  mammals  and  birds  which  were 
used.  Previously  japaconitine  has  been  seldom  contrasted  with  the 
other  two  aconitines,  but  has  been  recognised  as  stronger  than 
aconitine  by  Langgaard  (Arch.f.  Path.  Anal.,  1880,  79,  s.  229),  and  in 
one  series  of  observations  by  Harnack  and  Meunicke.  Robert,  on  the 
other  hand,  does  not  separate  japaconitine  from  aconitine  and  pseud- 
aconitine  in  toxicity. 

Dosage. — Based  upon  the  observations  made,  the  relative  doses  for 
therapeutical  purposes  would  be  approximately,  regarding  that  for 
aconitine  as  the  unit,  for  pseudaconitine  0'4  to  0*45,  and  for  jap- 
aconitine O'S. 

Towards  frogs  the  toxicity  of  these  alkaloids  is  by  no  means  so 
great  (per  gram  body- weight)  as  it  is  towards  the  same  unit  of  the 
mammals  and  birds  included  in  this  research.  Thus  the  lethal  dose 
per  kilo,  mammalian  weight  may  only  be  lethal  to  140  to  170 
grams  of  frog  weight,  or  even  to  less,  according  to  the  time  of 
year.  A  medium-sized  rabbit  may  therefore  be  poisoned  by  a  dose 
of  aconitine  or  japaconitine  which  would  suffice  to  destroy  six  or  eight 
frogs. 

Japaconitine  is  slightly  more  toxic  towards  both  mammals  and  frogs 
than  is  aconitine,  but  the  higher  toxicity  of  pseudaconitine  towards 
birds  and  mammals  is  not  associated  with  an  equal  activity  towards 
frogs,  for  it  exerts  towards  both  R.  esculenta  and  R.  temporaria  a 
slightly  lower  toxicity  than  do  either  of  the  other  alkaloids. 

There  is  no  essential  difference  in  the  reaction  of  R.  esctdmta  and 
R.  te»ipoi-a/-i<(  respectively  to  individual  aconitines  beyond  a  greater  or 
less  accentuation  of  one  or  other  symptom,  as  for  example  more  excited 
movement  in  the  latter,  more  reduction  of  reflex  in  the  former,  but  in 
all  parallel  series  of  observations  the  resistance  of  R.  esculenta  has 
proved  to  be  slightly  greater  to  all  the  aconitines  examined. 

oncerns  the  local  action  of  the  aconitines  upon  sensory  (cuta- 
neous) structures  in  man,  the  differences  are  so  trifling  as  to  be 
negligible. 

As  concerns  the  therapeutical  employment  of  aconitine,  japaconitine, 
and  pseudaconitine,  the  great  similarity  in  their  physiological  actions, 
amounting  almost  to  a  qualitative  identity,  which  is  established  by  this 
investigation,  justifies  the  employment  of  any  one  for  internal  ad- 
ministration, provided  that  the  dosage  is  properly  regulated.  Given  in 
the  proportions  mentioned  above,  the  three  alkaloids  would  exert  the 
same  action.  We  strongly  recommend  the  use  of  a  pure  alkaloidal  salt 
in  preference  to  preparations  made  from  the  plants,  since  the  latter 
would  be  difficult  to  standardise,  and  even  if  this  were  done,  the  action 
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of  the  aconitines  would  be  modified  to  a  greater  or  less  extent  by  the 
other  alkaloids  present  in  the  vegetable  preparation. 

For  local  applications  the  three  alkaloids  may  be  introduced  into 
ointments  in  identical  proportions.  The  greater  toxicity  of  pseud- 
aconitine  need  not  prevent  its  use  in  this  department  of  treatment  if  it 
is  remembered  that  all  applications  of  the  aconitines,  externally,  are  to 
be  considered  dangerous  if  any  abrasion  of  the  skin  is  present. 

The  chemical  part  of  this  inquiry  has  been  conducted  in  the  Labora- 
tories of  the  Scientific  Department  of  the  Imperial  Institute,  with  the 
assistance  and  co-operation  of  the  Government  of  India.  Our  thanks 
are  specially  due  to  Dr.  George  Watt,  C.I.E.,  Reporter  on  Economic 
Products  to  the  Government  of  India,  for  the  interest  he  has  shown  in 
the  investigation,  and  for  the  care  he  has  taken  in  the  collection  of  the 
necessary  material. 

The  physiological  experiments  have  been  conducted  in  the  Depart- 
ment of  Materia  Medica  and  Pharmacology  of  the  University  of 
Aberdeen,  and  have  been  assisted  by  a  grant  made  by  the  Royal 
Society  from  the  Government  Fund.  The  assistance  of  Drs.  Esslemont 
and  Fraser  has  been  very  valuable  in  carrying  out  some  of  the  observa- 
tions entailed  in  this  department  of  the  research. 


The   Pharmacology   of  Pyraconitine    and   Methylbenz- 

aconine  considered  in  Relation  to  their  Chemical 

Constitution.1 

By  J.  THEODORE  CASH,  M.D.,  F.R.S.,  and  WYNDHAM  E.  DDNSTAN, 
M.A.,  F.R.S. 

(Abstract.) 

IN  a  previous  paper  (Phil.  Trans.,  B,  1898,  vol.  190,  p.  239;  see  also 
this  vol.  p.  70)  we  have  shown  that  an  entire  change  in  the  physio- 
logical action  ensues  on  the  withdrawal  of  the  acetyl  group  from 
aconitine  as  is  seen  in  the  action  of  benzaconine,  the  first  hydrolytic 
product  of  aconitine,  from  which  it  differs  in  containing  an  atom  of 
hydrogen  in  the  place  of  one  acetyl  group.  This  alkaloid  is  devoid 

1  Preprinted  from  the  Proceedings  of  the  Royal  Society,  vol.  68,  p.  384.     See  also 
Philosophical  Transactions  1902,  195,  97. 
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of  the  characteristic  physiological  action  and  extraordinary  toxicity  of 
aconitine,  whilst  in  respect  of  its  action  on  the  heart  it  is  in  the  main 
antagonistic  to  that  of  the  parent  alkaloid.  In  order  to  study  further 
the  remarkable  dependence  of  the  physiological  action  on  the  presence 
of  the  acetyl  group,  we  have  examined  the  action  of  two  derivatives 
of  aconitine  which  we  have  obtained  in  this  research,  viz.  pyraconitine 
and  methylbenzaconine. 

Pyraconitine  was  first  prepared  by  one  of  us  (Dunstan  and  Carr. 
Trans.  Chem.  Soc.,  1894,  vol.  65,  p.  176)  by  heating  aconitine  at  its 
melting  point,  when  the  acetyl  group  is  expelled  as  one  molecule  of 
acetic  acid  and  the  alkaloid  pyraconitine  remains.  This  compound 
therefore  differs  in  composition  from  aconitine  by  the  loss  of  one 
molecule  of  acetic  acid,  and  from  benzaconine  by  one  molecule  of 
water. 

Methylbenzaconine  was  obtained  from  aconitine  by  heating  it  with 
methyl  alcohol  in  a  closed  tube  (Pro-'.  Chem.  .So-1.,  1896,  p.  151' 
remarkable  reaction  takes  place,  in  which  the  acetyl  group  is  ejected 
as  acetic  acid,  a  methyl  group  taking  its  place.  This  alkaloid  there- 
fore differs  from  aconitine  in  containing  a  methyl  group  in  the  place 
of  the  acetyl  group,  and  from  benzaconine  in  containing  a  methyl 
group  in  the  place  of  one  atom  of  hydrogen.  The  examination  of  its 
physiological  action  would  therefore  be  the  means  of  studying  the 
result  of  replacing  in  aconitine  the  negative  radical  acetyl  by  the 
positive  methyl  group,  and  also  of  studying  the  effect  of  the  intro- 
duction of  methyl  in  modifying  the  physiological  action  of  benzaconine. 

The  acetyl  group  of  aconitine  evidently  occupies  an  exceptional 
position  in  the  molecule  of  aconitine.  So  far  as  we  are  aware  it  is 
the  only  acetyl  compound  at  present  known,  which  exchanges  this 
group  for  methyl  when  it  is  heated  with  methyl  alcohol.  We  have 
examined  the  behaviour  of  numbers  of  different  types  of  acetyl 
derivatives  from  this  point  of  view  and  can  find  none  analogous  to 
aconitine. 

For  the  study  of  their  physiological  action  these  alkaloids  have  been 
specially  purified  and  employed  as  hydrobromides  in  aqueous  solution. 

Contrasting  the  physiological  action  of  pyraconitine  with  that  of 
aconitine,  as  described  in  the  present  paper,  we  find,  as  might  be 
anticipated  from  our  previous  results,  that  through  the  removal  of  the 
acetyl  group  the  great  toxicity  of  aconitine  is  nearly  entirely  abolished 
and  the  characteristic  features  of  aconitine  poisoning  are  no  longer 
produced  by  pyraconitine. 

Contrasting  the  physiological  actions  of  benzaconine  and  pyr- 
aconitine which  differ  from  each  other  empirically  by  one  molecule 
of  water,  pyraconitine,  the  anhydride,  is  the  more  active  compound. 
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Both  these  alkaloids,  divested  of  the  acetyl  group  of  aconitine,  are 
relatively  weak  and  feebly  toxic  when  compared  with  the  parent 
alkaloid. 

Although  benzaconine  and  pyraconitine  exhibit  a  strong  similarity 
in  the  physiological  effects  they  produce,  there  are  differences  between 
them  which  are  probably  more  considerable  than  they  would  be  if 
pyraconitine  were  merely  the  anhydride  of  benzaconine. 

The  substitution  in  aconitine  of  methyl  for  acetyl  which  occurs  in 
the  formation  of  methylbenzaconine  has  led  to  a  very  considerable 
reduction  in  toxicity  and  has  introduced  a  curare-like  effect  similar  to 
that  first  observed  by  Crum  Brown  and  Fraser  (Trans.  Roy.  Soc. 
£dinb.,  1869,  vol.  25,  p.  192)  to  result  from  the  introduction  of  methyl 
into  the  molecule  of  an  alkaloid.  Methylbenzaconine  is,  however, 
more  toxic  and  generally  more  powerful  than  benzaconine,  owing  to 
the  presence  of  the  methyl  group. 


Action  of  Pi/raconifine. 

The  main  effects  of  pyraconitine  may  be  thus  summarised.  Its  local 
application  is  devoid  of  the  effects  characteristic  of  the  aconitines.  Its 
chief  action  upon  the  heart  is  to  cause  slowing,  partly  from  vagus 
irritation,  partly  from  depression  in  function  of  intrinsic  rhythmical 
and  motor  mechanisms. 

There  is  less  tendency  to  want  of  sequence  in  the  cardiac  chamber 
walls  than  is  observed  after  the  aconitines  and  benzaconine. 

The  vagus  apparatus  remains  active  in  degree  after  doses  somewhat 
in  excess  of  the  lethal,  the  slowed  heart  of  pyraconitine  being  accelerated 
both  by  vagotomy  and  by  atropine. 

Activity  of  respiration  is  reduced  (by  central  depression)  to  a  degree 
incompatible  with  life,  as  is  the  case  after  aconitine  and  benzaconine. 
The  periphei'al  motor  nerves  and  muscular  tissues  are  not  at  this  time 
markedly  affected.  Artificial  respiration  prolongs  life,  but  the  slowed 
heart  and  greatly  reduced  blood-pressure  tend  to  a  fatal  issue. 

The  spinal  cord  is  impaired  in  its  reflex  function,  apparently  second- 
arily to  reduced  circulation  in  its  structure.  A  tendency  to  tonic 
spasm  in  frogs  is  late  in  appearing  and  of  moderate  degree.  It  has 
not  been  seen  after  destruction  of  brain  and  medulla.  It  is  further 
associated  with  a  curious  condition  of  exaggerated  motility. 

Neither  muscular  nor  intramuscular  nervous  tissue  is  strongly 
influenced  by  pyraconitine  in  lethal  or  somewhat  hyperlethal  doses. 
The  lethal  dose  per  kilo,  frog's  weight  is  practically  about  twelve  times 
that  which  is  lethal  per  kilo,  rabbit's  weight. 
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Contrasts?  Effects  of  Pyraconitine  and  Benzatonine. 

Of  these  two  alkaloids,  pyraconitine  is  approximately  six  to  seven 
times  more  toxic  towards  mammals  (rabbits  and  guinea-pigs)  than 
l>enzaconine,  and  five  to  six  times  more  so  towards  frogs.  They  are 
alike  in  their  action  upon  mammals,  in  so  far  as  they  are  non-irritant, 
that  they  slow  the  respiration  without  preliminary  acceleration,  that 
they  slow  the  heart  and  reduce  the  blood-pressure  to  a  very  low  level, 
that  they  cause  paresis  and  in  guinea-pigs  clonic  movements,  and  that 
respiratory  failure  is  the  immediate  cause  of  death.  They  differ  in  so 
far  that  pyraconitine  acts  more  rapidly,  but  for  a  shorter  period,  whilst 
fatal  termination  of  poisoning  is  preceded  by  convulsions,  which  are 
very  rare  after  benzaconine.  Benzaconine  alters  the  sequence  of  the 
ventricles  upon  the  auricles  much  more  usually  and  to  a  greater  extent 
than  pyraconitine,  though  if  asequence  is  developed  it  has  the  same 
general  character  (the  auricular  second  beat  being  blocked  from  the 
ventricle). 

Whilst  pyraconitine  stimulates  the  cardiac  vagus  both  centrally  and 
within  the  heart  (section  and  atropine  causing  acceleration),  and  finally 
occasions  only  a  limited  reduction  in  its  activity,  benzaconine  produces 
but  little  stimulation,  and  ultimately  suspends  the  vagus  inhibitory 
action.  Under  these  conditions  atropine  is,  of  course,  inoperative. 
Both  accelerate  the  heart  in  small,  but  slow  it  in  large,  doses,  and  both 
may  disorder  the  sequence,  but  vagus  inhibition  is  much  more  inter- 
fered with  by  benzaconine.  Frogs  poisoned  by  benzaconine  lose  the 
power  of  voluntary  movement,  then  reflex  disappears,  and  finally  the 
circulation  is  arrested  ;  but  after  pyraconitine,  reflex  outlasts  the 
heart's  action.  Late  spasm  occurs  after  the  latter,  not  after  the 
former.  Whilst  in  lethal  doses  pyra«  ..nitine  has  no  effect  beyond 
somewhat  favouring  fatigue  a7id  reducing  excitability  of  motor  nerves, 
benzaconine  greatly  impairs  their  function,  and  in  thorough  poisoning 
may  suspend  it  entirely. 

Action  of  Jfethylbeaz 

The  action  of  methylbenzaconine  may  be  summed  up  as  follows  :  It 
is  very  feeble  in  its  toxicity  when  contrasted  with  aconitine,  but  is 
somewhat  stronger  than  benzaconine. 

Small  and  medium  doses,  whilst  slowing  the  heart,  do  not  cause  any 
failure  in  sequence,  but  larger  doses  have  this  effect.  They  act  upon 
the  rhythm  of  the  organ,  involving  the  movement  of  the  auricle  and 
ventricle  whilst  ultimately  the  sequence  of  the  latter  upon  the  former 
is  impaired,  so  that  it  follows  only  a  certain  proportion  of  the  auricular 
"leads."  This  block  is  not  removed  by  atropine.  Whilst  the  passage 
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of  the  ventricle  into  the  diastole  is  at  first  retarded,  the  contractile 
power  of  the  myocardium  is  ultimately  reduced  by  methylbenzaconine. 

The  cardiac  vagus  is  depressed  in  action  and  its  inhibitory  function 
is  ultimately  suspended  by  large  doses,  neither  section  of  the  vagus 
nor  atropine  administration  relieving  the  slow  and  faulty  action  of  the 
organ. 

There  is  evidence  of  slight  primary  stimulation  of  reflex  cord  centres 
when  ligature  of  vessels  prevents  the  masking  of  this  condition  by  the 
peripheral  action  of  the  poison.  The  subsequent  impairment  in  cord 
reflexes  is  later  in  occurring  and  of  much  shorter  duration  than  the 
action  of  methylbenzaconine  upon  intramuscular  motor  nerves. 

In  mammals  the  paralytic  symptoms  are  predominant,  the  fall  of 
temperature  is  in  part  attributable  to  this  cause  as  well  as  to  changes 
in  the  circulation.  The  clonic  movement  and  salivation  (observed  in 
a  certain  stage  of  the  action  of  methylbenzaconine,  especially  upon 
guinea-pigs)  are  suggestive  of  the  action  of  a  near  ally  of  aconitine. 
In  frogs,  however,  there  is  no  semblance  to  an  aconitine  effect,  unless 
its  very  feeble  action  towards  sensory  nerves  or  its  much  more 
powerful  action  upon  motor  nerves  be  thus  viewed.  Motor  nerves 
are  greatly  affected  by  doses  which  are  distinctly  below  the  lethal 
for  cold-blooded  animals,  the  action  being  curare-like  in  character. 
Muscular  tissue  is  after  the  action  of  large  doses  more  susceptible  of 
fatiguing  influences.  Fibrillation  in  muscles  to  which  the  poison  has 
access  is  more  common  than  after  aconitine  or  any  other  derivative 
examined. 

These  observations  support  in  the  main  the  contention  of  Crum 
Brown  and  Fraser  that  the  introduction  of  methyl  into  the  molecule 
of  certain  spasm-pi'oducing  alkaloids,  masks  the  effect  of  these  by 
occasioning  a  curare-like  action  at  the  periphery. 

Contrasted  Effects  of  Methylbenzaconine  and  Aconitine. 

The  toxicity  of  aconitine  is,  roughly,  eighty  to  one  hundred  times 
that  of  methylbenzaconine  towards  rabbits  and  guinea-pigs,  and  much 
the  same  proportion  holds  for  summer  and  winter  frogs  respectively. 
Whilst  slight  tendency  to  salivation  and  retching  movements  are  pro- 
duced by  meth}Ylbenzaconine,  and  are  in  so  far  suggestive  of  a  slight 
aconitine  action,  the  absence  of  initial  acceleration  of  respiration,  of 
local  irritation,  and  dyspnceal  convulsions,  and  the  predominance  of 
paralytic  symptoms,  are  points  of  difference.  The  action  upon  the 
heart  is  entirely  distinct,  for  the  pulse  is  slowed  by  methylbenzaconine, 
the  auricles  eventually  beating  more  rapidly  than  the  ventricles,  the 
action  of  the  poison  proceeds  uniformly  and  without  the  intermissions 
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which  characterise  aconitine,  whilst  the  early  phenomena  of  vagus 
stimulation  have  little  in  common.  The  general  symptoms  of  poisoning 
in  frogs  have  scarcely  a  point  of  similarity  ;  quiescence,  rapid  failure  of 
reflex,  and  voluntary  movement,  without  impairment  of  the  cardiac 
action,  are  distinctive  of  methylbenzaconine,  whilst  excitement  with 
great  motility  and  persistence  of  voluntary  movement  follow  aconitine. 
Fibrillation  is  much  more  pronounced  after  the  former,  though  it  is 
only  a  transitory  phenomenon.  The  action  on  the  heart  differs  widely 
in  frogs  as  it  does  in  mammals,  whilst  the  curare-like  action  of  the 
derivative  on  motor  nerves  is  not  produced  by  aconitine  in  doses  which 
just  suffice  to  arrest  the  heart. 

It  is  true  that  large  but  sublethal  doses  of  aconitine  are  followed  by 
a  condition  of  almost  complete  paralysis,  which  lasts  for  several  days, 
but  during  this  time  there  is  slight  voluntary  and  reflex  movement,  the 
nerve-endings  are  not  put  out  of  action,  and  the  circulation  is  usually 
of  the  feeblest  character,  all  conditions  which  are  not  found  in  the 
period  of  quiescence  following  methylbenzaconine. 

Contrasted  Effects  of  Methylbenz  and  /•'•  n-aconine. 

Methylbenzaconine  is  from  three  to  four  times  more  toxic  towards 
rabbits  and  guinea-pigs  than  benzaconine,  and  from  twice  to  thrice  as 
toxic  towards  frogs  (R.  temp,  and  R.  esc.).  In  mammals,  slight  sali- 
vation, retching  movements,  and  muscular  tremor  are  characteristic 
effects  of  the  former,  but  dyspnrea,  ataxia,  and  paresis  are  also  seen 
after  benzaconine.  Of  the  two,  methylbenzaconine  is  distinctly  less 
depressant  towards  the  heart.  Slowing  of  the  pulse  and  want  of 
sequence  of  ventricular  upon  auricular  action  occurs  after  both,  but 
is  a  much  earlier  symptom  after  benzaconine,  which  causes  more  dis- 
order in  the  motor  mechanism.  On  the  other  hand,  the  intracardiac 
vagus  is  put  out  of  function  more  readily  by  methylbenzaconine.  Death 
after  either  poison  is  rarely  preceded  by  spasm.  Neither  of  the  two 
compounds  cause  an}'  local  irritation  in  frogs,  but  methylbenzaconine 
produces  active  fibrillation  in  the  muscles  to  which  it  gains  access  and 
develops  a  complete  curare-like  action  much  more  prominently  than 
does  benzaconine,  the  heart  continuing  to  beat  strongly.  Benzaconine, 
in  dose  sufficient  to  cause  such  an  effect  at  the  periphery,  acts  dis- 
astrously upon  the  circulation.  In  partial  poisoning  by  methylbenz- 
aconine the  characteristic  rapid  failure"  of  the  intramuscular  motor 
nerves  on  stimulation  is  well  marked,  but  the  subsequent  recovery  on 
resting,  so  characteristic  of  benzaconine,  has  not  been  observed. 


92         DUNSTAN    AND   HENRY:    ORTHOHYDROXYACETOPHENONE 


T7ie  Occurrence  of  Orthohydroxyacetophenone  in  the 
Volatile  Oil  o/*Chione  glabra.1 

By  WYNDHAM  R.  DDNSTAN  and  T.  A.  HENRY,  Salters'  Company's  Research 
Fellow  in  the  Laboratories  of  the  Imperial  Institute. 

SOME  years  ago,  one  of  us  (Dunstan,  Proc.  Roy.  800,,  46,  211)  showed 
that  the  strong  ftecal  odour  of  the  wood  of  Celtis  reticulosa  is  due  to 
the  presence  of  skatole,  the  substance  to  which  the  odour  of  human 
excrement  is  due.  Through  the  interest  of  Sir  W.  Thiselton-Dyer,  the 
Director  of  Kew  Gardens,  other  plants  having  strong  odours  were 
then  examined,  but  no  definite  information  as  to  their  constituents 
could  be  obtained,  owing  to  the  small  quantity  of  material  available 
for  examination.  Amongst  these  plants  was  a  small  specimen  of  the 
wood  of  Chione  glabra,  which  had  been  sent  to  Kew  by  Mr.  J.  H. 
Hart,  F.L.S.,  Superintendent  of  the  Royal  Botanic  Gardens,  Trinidad, 
with  the  suggestion  that  an  examination  of  its  constituents  should  be 
undertaken,  as  the  plant  is  reputed  to  possess  valuable  properties  as  a 
medicine,  and,  in  particular,  is  stated  to  be  a  powerful  aphrodisiac.  The 
bark  and  wood  emitted  a  strong,  unpleasant  odour,  chiefly  aromatic, 
but  partly  f fecal.  This  was  proved  to  be  due  to  an  oil  which  was 
volatile  with  steam,  and  although  its  chief  physical  and  chemical 
properties  were  ascertained,  the  constitution  of  its  principal  constituent 
could  not  be  determined  owing  to  insufficiency  of  material.  A  further 
supply  of  the  wood  was  afterwards  obtained  from  the  collections  of 
the  Imperial  Institute.  This  was  part  of  a  large  log  which  had  been 
sent  previously  for  exhibition  at  the  World's  Fair  at  Chicago.  Now, 
however,  it  has  completely  lost  its  characteristic  odour,  owing  to  the 
escape  of  the  volatile  oil,  and  it  proved  to  be  quite  useless  for  our 
purpose.  Through  the  kind  offices  of  Mr.  Hart,  the  Trinidad  Govern- 
ment undertook  the  collection  of  a  fresh  quantity  of  the  wood,  which 
has  made  it  possible  for  us  to  complete  the  inquiry  by  identifying  the 
odorous  constituent  of  the  tree,  and  in  fact,  proving  its  identity  with 
the  substance  prepared  synthetically  in  the  laboratory. 

The  genus  Chione  of  the  Natural  Order  Rubiacece  includes  plants 
which  are  confined  almost  exclusively  to  the  West  Indies.  The  species 
Chione  glabra,  which  is  indigenous  to  Grenada,  is  a  large  flowering 
tree,  known  in  the  island  as  "  Violette,"  a  name  which  probably  has 
reference  to  the  aromatic  smell  of  the  flower.  Through  the  kindness 
of  Mr.  E.  J.  Millard,  F.C.S.,  we  have  received  from  Grenada  a  dried 

1  Reprinted  from  the  Journal  oftlw  Clicmical  Society,  1899,  75,  66. 
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specimen  of  the  stem,  leaves,  and  flowers  of  this  tree.  The  aromatic, 
but  somewhat  fiecal,  smell  is  associated  with  the  bark  and  wood, 
especially  with  the  former ;  on  exposure  to  air,  it  gradually  disappears. 
The  results  of  the  chemical  investigation  described  in  the  subsequent 
part  of  this  paper  show  that  the  volatile  oil,  which  exhibits  in  a 
concentrated  form  the  remarkable  odour  of  the  wood,  is  composed  of 
two  substances,  the  one  a  yellow  oil  boiling  at  160*  under  34  mm. 
pressure,  and  solidifying  at  low  temperatures  to  a  crystalline  mass ; 
the  other,  a  colourless,  crystalline  substance  melting  at  82\  The 
former,  which  is  the  chief  constituent,  we  have  proved  to  be  ortho- 
kydraxyacetophenone,  OH'Gt;H4-COCH3,  and  is  identical  with  the 
compound  prepared  synthetically.  The  crystalline  substance,  which 
is  present  in  very  small  quantity,  has  all  the  properties  of  an  alkyl 
derivative  of  the  oil :  the  amount  of  substance  obtained,  however,  was 
insufficient  to  enable  us  to  complete  the  examination.  The  fwcal  odour 
of  the  fresh  wood,  which  seems  rather  more  pronounced  than  that  of 
the  constituents  we  have  isolated  from  the  oil,  suggested  the  possibility 
that  the  plant  might  also  contain  a  minute  quantity  of  skatole  or  some 
other  derivative  of  indole  ;  but  although  the  volatile  oil  contains  traces 
of  some  nitrogenous  substance,  we  have  not  been  able  to  isolate  any 
indole  derivative  from  it.  It  is,  however,  interesting,  and  possibly 
significant  from  the  biological  standpoint,  to  observe  that  derivatives 
of  orthohydroxyacetophenone  may,  by  processes  involving  condensation, 
pass  into  compounds  belonging  to  the  indole  group ;  the  production 
of  indoxyl  from  orthacetylamidoacetophenone  has,  indeed,  been  accom- 
plished by  von  Baeyer  and  Bloem  (Ber.,  1884,  17,  963),  and  it  is  not 
difficult  to  conceive  that  the  conversion  may  occur  without  difficulty 
and  by  shorter  steps  in  the  plant.  The  precursors  of  skatole  and  other 
indole  derivatives  in  plants  are  at  present  unknown,  but  the  occurrence 
of  derivatives  of  acetophenone  in  the  vegetable  kingdom  and  particu- 
larly in  Chione  ylabra,  whose  wood  emits  a  fsecal  odour,  indicates  at 
least  one  possible  direction  in  which  search  might  be  made. 

Besides  those  whose  names  we  have  already  mentioned,  we  are 
greatly  indebted  to  Miss  L.  E.  Boole,  F.I.C.,  who  conducted  much  of 
the  preliminary  examination  of  the  constituents  of  this  plant. 

Extraction  of  the   Volatile  Oil. 

The  volatile  oil  was  separated  from  the  wood  and  bark  by  cutting 
these  into  fine  shavings  and  distilling  with  steam;  the  distillate 
obtained  was  then  shaken  with  ether,  and  the  ethereal  solution  dried 
over  calcium  chloride  and  distilled.  After  removal  of  the  ether,  there 
remained  a  dark -coloured  oil  which  distilled  with  some  decomposition 
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under  the  ordinary  pressure ;  it  was,  therefore,  distilled  under  reduced 
pressure,  when  a  fraction  boiling  from  160°  to  165°,  under  a  pressure 
of  34  mm.,  was  obtained.  With  the  small  quantity  of  material  avail- 
able, it  was  not  possible  to  obtain  a  fraction  of  more  definite  boiling 
point. 

Combustions  of  the  liquid  gave  the  following  results. 

0-0737  gave  0-1926  CO.,  and  0-0352  H.,O.     C-71'2;     H  =  5-29. 
0-0607     „     0-1586  CO~    „    0-0320  H~O.     C  =  71-21 ;  H  =  5-76. 
CgHsO.,  requires  C  =  70'57  ;  H  =  5'88  per  cent. 

It  is  slightly  soluble  in  water,  and  has  a  peculiar  and  somewhat 
unpleasant  odour,  chiefly  aromatic,  but  partly  frecal.  An  aqueous  solu- 
tion of  ferric  chloride  produces  a  deep  purple  coloration,  and  bromine 
water  a  faintly  yellow,  crystalline  precipitate.  The  oil  dissolves  in 
alkaline  solutions,  and  such  solutions,  on  evaporation,  leave  a  crystal- 
line metallic  derivative ;  the  potassium  and  sodium  salts  crystallise 
in  yellow  plates  which  quickly  decompose  on  exposure  to  air;  acids 
regenerate  the  oil  from  them. 

Action  of  various  Reagents  on  the  OIL 

Action  of  Acetic  Anhydride. — The  liquid  was  mixed  with  acetic 
anhydride  and  warmed.  The  viscous  oil  precipitated  on  the  addition 
of  water  to  the  product  was  removed  by  shaking  with  ether,  the  ethereal 
solution  dried,  and  the  ether  removed  by  distillation.  The  crystalline 
residue  of  acetyl  derivative  obtained  on  standing  was  then  recrystallised 
from  methylic  alcohol  until  the  melting  point  was  constant  at  88°.  A 
combustion  gave  the  following  result. 

0-1331  gave  0-3254  CO.,  and  0-0776  H,0.     C  -  66-66  ;  H  -  64. 
C8H7O-O,H3O2  requires  C  =  674  ;"  H  =  5-61  per  cent. 

The  substance  is,  therefore,  a  monacetyl  derivative  of  the  original 
liquid. 

Action  of  Hydroxylamine  and  Phenylhydrazine. — When  an  aqueous 
solution  of  hydroxylamine  is  added  to  the  oil  suspended  in  water  and 
the  mixture  gently  warmed,  a  red,  resinous  substance  separates ;  this 
dissolves  in  boiling  water,  and  the  solution  deposits  colourless  needles 
as  it  cools.  These,  after  recrystallisation,  melt  at  112°,  and  have  all 
the  properties  of  an  oxime  of  the  original  substance. 

0-1841  gave  0-4242  CO2  and  0-1016  H/X     C  =  62-8 ;  H  =  6-12. 
OH-CSH7-NOH  requires  C  =  63-4  •  H  =  5-96  per  cent. 

A  phenylhydrazone  was  also  obtained  by  the  action  of  a  10  per  cent. 
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solution  of  phenylhydrazine  on  the  liquid  suspended  in  water  ;  after 
24  hours,  this  mixture  deposited  a  greenish-yellow  oil  which  soon 
became  crystalline.  On  recrystallisation,  the  hydrazone  melted  at  1083. 

The  production  of  an  oxinie  and  hydrazone  indicate  the  presence  of 
a  ketonic  group  in  the  original  substance. 

Action  nf  Bromine. — When  bromine  water  is  added  to  the  oil  sus- 
pended in  water,  a  colourless  precipitate  forms  immediately,  and  on 
standing  becomes  crystalline  :  after  recrystallisation  from  hot  alcohol, 
it  melts  somewhat  indefinitely  at  108',  or,  after  prolonged  heating  at 
a  lower  temperature,  95".  "We  are  unable,  at  present,  to  represent  its 
composition  by  any  formula  derivable  from  that  of  the  parent  substance. 
Combustions  and  two  determinations  of  bromine  by  Carius'  method 
gave  the  following  results. 

12-6  per  cent.         H.  2-52  per  cent.         Br.  45-64  per  cent. 
32-3       „  2-04       „  46-2 

32-96     „  2-09 

"O.OQ  0.-V 

,,  _    _'J  „ 

It  will  be  seen  that  these  values  for  carbon,  hydrogen,  and  bromine 
do  not  agree  with  those  required  for  a  mono-  or  dibromo-derivative. 

<    H7O.3r  requires  C  =  44 -6;  H  =  3'2:  Br  =  37'2. 
H,OjBr,     „          C  =  32-6  :  H  =  2'04  ;  Br  =  54-4. 

When  the  bromine  derivative  is  reduced  with  tin  and  hydrochloric 
acid,  it  yields  a  small  quantity  of  a  phenolic  substance  giving  a  bromine 
derivative  melting  at  86°.  It  is  possible  that  the  solid  bromo-deriva- 
tive  is  a  mixture  of  one  or  more  simple  bromine  derivatives,  but  this 
is  not  very  probable,  since  its  composition  seems  to  be  constant  when 
prepared  under  various  conditions,  and  its  melting  point  is  very 
definite. 

Action  of  Filled  Potash. — When  the  oil  is  boiled  for  some  time  (in 
-el  fitted  with  an  upright  condenser)  with  10  per  cent,  potash 
solution,  it  merely  passes  into  a  metallic  derivative,  and  can  be  recovered 
by  acidifying  the  solution ;  and  even  when  heated  with  alkaline  solu- 
tions in  sealed  tubes  at  1253,  it  is  not  decomposed.  When  fused  with 
excess  of  potash,  the  potassium  salt  of  the  oil  floats  for  a  time  on  the 
excess  of  potash,  but  is  subsequently  completely  decomposed,  forming 
a  dark  brown  mass.  When  this  is  dissolved  in  water,  acidified,  and 
the  mixture  distilled,  a  solution  containing  phenol  is  obtained ;  this 
was  identified  by  means  of  its  tribromo-derivative.  When  the  acid 
liquid  left  after  distillation  was  extracted  with  ether,  it  furnished  a 
crystalline  substance  which,  after  recrystallisation  from  hot  water, 
melted  at  151*,  and  gave  all  the  reactions  of  salwyUc  acid  (m.  p.  155""). 
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Action  of  Citric  Acid. — The  residue  from  the  Carius'  estimations  of 
bromine  in  the  bromo-derivative  was  examined,  and  found  to  contain 
oxalic  acid  and  a  yellow,  crystalline  substance ;  the  quantity  of  the 
latter,  however,  was  too  small  to  admit  of  satisfactory  identification, 
but  since  it  dyed  silk  yellow  and  did  not  dye  cotton,  and  gave  the 
chloropicrin  reaction,  there  can  be  little  doubt  that  it  was  picric  acid. 

These  observations  as  to  the  chemical  behaviour  of  the  volatile  oil 
of  Chione  glabra  prove  that  its  chief  constituent  is  orthohydroxy- 
acetophenone  [OH  :  COCH3  =  1  :  2]. 

The  facts  may  be  conveniently  summarised  here. 

1.  The   parent   substance    has    a    composition    represented    by    the 
formula  CSH8O2. 

2.  One  of  the  hydrogen  atoms  can  be  replaced  by  the  acetyl  group, 
indicating    the   presence    in    the   parent    substance    of    one   hydroxyl 
group. 

3.  The  oil  forms  a  monoxime,  having  a  composition  represented  by 
the  formula  C8H9O,N. 

4.  Fusion  of  the  oil  with  potash  furnished  salicylic  acid  and  phenol, 
the  latter  as  the  result  of  secondary  action. 

The  formation  of  all  these  substances  is  readily  explained  on  the 
assumption  that  the  chief  constituent  of  the  oil  is  orthohydroxy- 
acetophenone,  OH-C6H4'CO-CH3.  This  compound  has  been  described 
by  Tahara  (Ber.,  1892,  25,  1306)  and  by  Feuerstein  and  Kostanecki 
(Ber.,  1898,  31,  710-719).  The  latter  chemists  described  ortho- 
hydroxyacetophenone  (obtained  by  the  action  of  alcoholic  soda  on 
phenacylidenflavene)  as  a  yellow  oil  of  peculiar  odour,  distilling  at 
218°,  giving  a  purple- red  colour  with  ferric  chloride  solution,  and 
forming  a  yellow,  crystalline,  sodium  salt.  Tahara  prepared  the  com- 
pound by  the  decomposition  of  orthomethoxybenzoylacetic  acid.  The 
acetyl  derivative  melted  at  89°,  and  the  phenylhydrazone  at  107°. 

We  have  prepared  orthohydi'oxyacetophenone  from  nitrocinnamic 
acid,  by  the  following  series  of  reactions.  Orthonitrocinnamic  acid, 
NO2'C0H4tCH!CH'COOH,  was  converted  successively  into  dibromo- 
nitrophenylpropionic  acid,  NO^C^H^CHBr-CHBr'COOH ;  ortho- 
nitropropiolic  acid,  2SfO2'Ct.H4'C:C'COOH ;  orthonitrophenylacetylene, 
NO,'C6H4-C:CH  ;  orthamidophenylacetylene,  NH/C0H4'C:CH ;  ortho- 
amidoacetophenone,  NH2'C6H4'CO'CH3 ;  and,  finally,  by  diazotising 
into  orthohydroxyacetophenone,  OH'C6H4'CO'CH3. 

These  compounds,  with  the  exception  of  the  last,  have  been  prepared 
by  Baeyer  and  Bloem  (Ber.,  1880,  13,  2259),  and  we  have  made  use 
of  the  methods  of  preparation  and  purification  described  by  these 
chemists.  The  orthohydroxyacetophenone  thus  prepared  had  all  the 
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characteristics  of  the  oil  distilled  from  Chione  glabra,  and  furnished 
derivatives  having  the  same  physical  constants ;  thus  the  bromine 
derivative  and  the  oxime  melted  at  108=  and  112'  respectively. 

Orthornethoxyacetophenone. — The  quantity  of  colourless,  crystalline 
substance  left  as  a  residue  in  the  distillation  of  the  crude  chione  oil 
was  too  small  to  admit  of  an  extended  examination,  but  since  it  was 
decomposed  by  boiling  with  hydriodic  acid,  giving  a  volatile  iodide, 
with  the  production  of  an  oil  having  the  properties  of  orthohydroxy- 
acetophenone,  it  is  probably  an  ether,  possibly  the  methyl  ether  of 
this  substance.  The  minute  amount  of  this  constituent  present  in  the 
volatile  oil  has  made  it  impossible  for  us  more  certainly  to  identify  it.1 


The   Volatile  Constituents  of  the   Wood  of  Goiipia 
tomentosa.2 


By  TVYSDHAM  K.  DCXSTAN  and  T.  A.  HENRY,  Salters'  Company's  Research 
Fellow  in  the  Laboratories  of  the  Imperial  Institute. 

Goupia  toiii'.-ittosa  is  a  large  tree  growing  in  British  Guiana,  where  it 
is  known  as  "Kabucalli,"  and  used  in  the  colony  for  boat-building; 
it  ha«  recently  been  sent  with  other  timbers  by  the  Government 
of  the  Colony  to  the  Scientific  Department  of  the  Imperial  Institute, 
so  that  its  general  merits  as  a  timber  might  be  ascertained.  The 
timber  has  been  submitted  to  mechanical  tests  by  Professor  Unwin, 

1  Since  the  work  described  in  the  present  paper  was  completed,  the  following 
account  of  the  volatile  oil  of  Chione  glabra  has  appeared  (Paul  and  Cownley, 
Pharm.  Journ.  [iv],  7,  51).  The  material  examined  was  obtained  from  the 
Windward  Islands.  "From  the  aromatic  odour  of  the  bark,  it  was  conjectured 
that  it  might  contain  a  volatile  oil,  and  on  examination  with  that  object  we 
succeeded  in  isolating  a  volatile  oil  amounting  to  about  1  -5  per  cent,  by  weight. 

'  '  This  volatile  oil  is  of  a  pale  yellow  colour,  and  has  a  specific  gra  vity  higher 
than  that  of  water.  It  gave  a  mass  of  acicular  crystals  on  being  cooled  to  about 
-20'.  The  oil  gave  no  crystalline  compound  with  sodic  bisulphite,  nor  could 
evidence  be  obtained  of  methyl  salicylate.  It  gave  a  semi-solid  mass  on  treatment 
with  a  concentrated  solution  of  caustic  soda.  It  is  readily  soluble  in  dilute  caustic 
soda,  and  reprecipitated  by  acids  apparently  unaltered.  It  is  slightly  soluble 
in  water,  its  aqueous  solution  gives  a  purple-blue  coloration  with  ferric  chloride. 
The  volatile  oil  is  evidently  a  phenoL 

"  There  are  several  volatile  oils  having  somewhat  similar  properties  to  those 
above  described,  but  the  quantity  of  oil  obtained  was  too  small  to  admit  of  the 
further  examination  which  its  peculiarity  appears  to  deserve.'' 

-  Reprinted  from  the  Juiirtw.1  of  the  Chemical  Society,  1S98,  73,  220. 

II.  H 
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F.R.S.,  in  the  course  of  an  examination  of  the  various  timbers  of 
British  Guiana  which  he  has  conducted  for  the  Imperial  Institute. 
An  account  of  these  tests  lias  been  published  (Imperial  Institute 
Journal,  3,  p.  51). 

When  the  log  sent  from  the  colony  was  cut,  the  wood  was  seen  to  be 
reddish,  very  hard,  with  a  fine,  close  grain.  When  first  cut,  it  emitted 
a  strong  odour  resembling  that  of  valeric  acid,  and  when  shaved  with 
a  plane,  the  cut  surface  became  covered  with  a  thin  film  of  oil.  On 
account  of  these  peculiarities,  it  was  decided  to  examine  its  chemical 
constituents ;  for  this  purpose,  the  wood  was  cut  up  into  fine  shavings, 
which  were  at  once  placed  under  water,  and,  after  standing  about 
12  hours,  were  steam  distilled.  The  distillate  was  then  concentrated 
by  steam  distillation,  and  the  process  repeated  until  fatty  particles 
began  to  separate  from  the  distillate ;  the  liquid  was  now  shaken  with 
ether,  and  the  ethereal  solution  dried  with  calcium  chloride  and 
distilled.  In  this  way,  a  dark-coloured  oil  was  obtained,  which  became 
semi-solid  on  cooling ;  this  was  dissolved  in  boiling  alcohol,  and 
decolorised  with  animal  charcoal ;  on  cooling,  the  filtered  solution 
deposited  a  colourless,  fatty  substance,  which  was  obtained  in  small 
needles  by  repeating  the  process.  When  pure,  it  melted  at  45° ;  it 
distilled  under  reduced  pressure,  and  was  slowly  dissolved  by  alkaline 
solutions,  and  reprecipitated  from  them  by  acids.  A  combustion  of 
the  pure  material  gave  the  following  result. 

0-1624  gave  0-4281  CO2andO'1783H,O.    C  =  72-04;  H  =  12-19  pep  cent. 
Laurie  acid,  C12H24O2  requires  C  =  72;  H  =  12  per  cent. 

A  sodium  salt  was  prepared  by  exactly  neutralising  an  alcoholic 
solution  of  the  acid  with  alcoholic  soda  and  evaporating  the  solution 
in  a  vacuous  desiccator  over  potash.  A  white  precipitate  slowly 
separated,  and  this,  on  analysis,  gave  the  following  result. 

0-142  gave  0-0450  Na2S04.     Na  =  10-2  per  cent. 

C12H23O2Isra  requires  Na=  10'4  per  cent. 

The  substance  therefore  agrees  in  composition  and  properties  with 
lauric  acid  (m.  p.  43-6°). 

This  acid  occurs,  usually  as  the  glyceride,  in  many  plants,  but 
notably  in  the  oils  obtained  from  the  fruit  of  Laurus  nobilis  and  Cocos 
nucifera.  As  lauric  acid  is  only  slightly  volatile  in  steam,  its  isola- 
tion by  steam  distillation  is  extremely  tedious,  and  having  identified 
it,  an  attempt  was  made  to  obtain  it  by  extracting  the  wood  shavings 
with  ether ;  this,  however,  was  not  found  to  be  feasible,  owing  to  the 
large  amount  of  resin  also  removed  by  the  ether,  and  from  which  it  is 
very  difficult  to  isolate  the  lauric  acid  by  crystallisation. 
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The  aqueous  distillate  left  after  extraction  with  ether  was  made 
strongly  alkaline  with  solution  of  soda,  evaporated  to  dryness  over 
the  water  bath,  and  then  acidified  with  dilute  sulphuric  acid ;  the  oil 
which  separated  was  removed  by  ether,  the  ethereal  solution  dried 
with  calcium  chloride,  the  ether  distilled  off,  and  the  residue  fraction- 
ated several  times  :  in  this  way,  three  fractions  were  obtained,  boiling 
respectively  at  about  463,  150°,  and  206\ 

The  first  of  these  fractions  was  very  small ;  it  had  a  pungent  odour, 
and  its  aqueous  solution  reduced  silver  nitrate  and  mercuric  chloride. 
It  probably,  therefore,  contained  formic  acid,  but  enough  could  not  l>e 
obtained  for  complete  identification. 

The  fraction  boiling  at  about  1503  was  dissolved  in  dilute  soda 
solution  and  the  solution  evaporated ;  two  fractions  of  crystalline 
sodium  salt  were  obtained.  These  were  converted  into  the  silver 
salts,  the  second  fraction  of  sodium  salt  being  precipitated  in  two 
portions  with  silver  nitrate ;  the  silver  salts,  on  analysis,  gave  the 
following  numbers. 

First  fraction  of  sodium  salt  gave  a  silver  salt  containing  48 '6  per 
cent.  Ag. 

Second  fraction  of  sodium  salt  gave  two  fractions  of  silver  salt, 
A  and  B.  A,  containing  49'9  per  cent.  Ag;  B,  containing  50'6  per 
cent.  Ag. 

In  a  second  experiment,  in  which  a  larger  amount  of  sodium  salt 
was  obtained,  the  crystals  were  separated  into  two  fractions,  and  these 
again  fractionated  by  addition  of  silver  nitrate  solution ;  the  first 
fraction  of  silver  salt  contained  48-3  per  cent.  Ag.  From  the  results 
of  these  analyses,  and  the  properties  of  this  fraction  of  oil,  it  evidently 
consists  of  a  mixture  of  isovaleric  and  caproic  adds. 

Silver  isovalerate  requires  51-4  per  cent.  Ag. 
Silver  caproate  requires  Ag  =  48'2  per  cent. 

The  fraction  of  oil  boiling  at  206°,  which  constituted  about  60  per 
cent,  of  the  whole,  had  all  the  properties  of  normal  hexoic  (caproic)  acid, 
but  it  was  not  quite  pure,  since  on  conversion  into  the  sodium  salt  and 
fractional  precipitation  of  the  solution  of  this  salt  with  silver  nitrate, 
some  fractions  containing  56  to  58  per  cent,  of  silver  were  obtained,  but 
the  greater  portion  of  salt  contained  47 '82  per  cent,  of  silver.  The  oil 
was  -therefore  redistilled  very  slowly,  and  the  first  portion,  which 
boiled  almost  constantly  between  206°  and  209°,  collected.  Normal 
caproic  acid  boils  at  206°,  and  silver  caproate  contains  48 -2  per  cent, 
of  silver. 

The  oily  residue  left  after  the  redistillation  of  the  second  fraction  of 
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oil  became  coloured  on  further  heating,  and  it  was  strongly  acid  to 
litmus.  The  residue  was  dissolved  in  ether,  decolorised  by  animal 
charcoal,  and  the  ether  distilled  off;  the  oil,  on  being  allowed  to  stand 
for  some  months,  deposited  a  small  quantity  of  a  crystalline  substance. 
These  crystals  were  removed,  dried  first  on  a  porous  tile  and  then  at 
100°.  The  substance  melted  at  180°,  and  sublimed  when  heated  gently 
in  a  test  tube;  it  was  acid  to  litmus.  The  whole  of  the  material 
obtained  was  converted  into  the  silver  salt,  and  the  latter  ignited,  with 
the  following  result. 

0-0082  gram  gave  O'OOSl  Ag.     Ag  =  62'2  per  cent. 

Silver  succinate  requires  Ag  =  64'4  per  cent. 

This  agreement  is  as  good  as  can  be  expected,  since  the  quantity 
available  for  analysis  was  so  small  that  a  difference  of  one  unit  in 
the  fourth  decimal  place  causes  an  error  of  1  per  cent,  in  the  result. 

The  properties  of  the  substance  leave  little  room  for  doubt  that  it 
is  succinic  acid  (m.  p.  180°). 


SUMMARY  OP  SEPARATION  OF  CONSTITUENTS. 

Wood,  steam  distilled. 
Concentrated  distillate  extracted  with  ether. 


Residual  distillate 

made  alkaline  and  evaporated 

made  acid  and  oil  separated 


Fractionated. 

Ether  solution 
leaves  viscid  oil 
containing 

Laurie  acid. 

Fraction  I. 
Formic  acid? 

Fraction  II. 

Isovaleric  acid, 
Normal  caproic 
acid. 

Fraction  III. 

Normal  caproic 
acid  and 
Succinic  acid. 
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Cyanogenesis  in  Plants.     Part  I.   The  X«tv/e  o.nd 
Origin  of  the  Poison  of  Lotus  arabieus.1 

By  WYXDHAM  R.  DTTXSTAX  and  T.  A.  HEXRT,  Salters'  Company's  Research 
Fellow  in  the  Laboratories  of  the  Imperial  Institute. 


a  /-'7  1,  ;'-•;/.*  is  a  small  herbaceous  plant  with  pink  flowers,  having 
the  general  habit  of  a  vetch.  It  is  indigenous  to  Egypt,  and  grows 
abundantly  throughout  Xubia,  and  is  noticeable  as  green  patches 
along  the  bed  of  the  Xile  above  Luxor. 

It  has  been  described  by  Linnaeus  (Mantissa  Plantarum,  vol.  i.  p. 
104)  in  the  following  terms  — 

Leguminibus  cylindricis  aristatis.  Caulibus  prostratis,  pedunculis 
trifloris,  bracteis  monophyllis. 

Habitat  in  Arabia. 

Caules.  —  Plures,  sesquipedales,  prostrati.  vix  pubescentes. 

Folia.  —  Ternata,  petiolata. 

Foliola.  —  Subpetiolata,  obovata,  obtusiuscula,  subincana,  fere  glabra. 

Stipule.  —  Fere  magnitudine  figuraque  foliorum. 

Petioli.  —  Brevissimi. 

Pedunculi  —  erecti,  triflori  s.  4-flori,  foliis  saepe  longiores. 

Flores.  —  Pedicellati    nutantes    pallide    rufescentes  ;    vexillo    venis 
rubris  ;    alis  includentibus  carinam. 

Calycis.  —  Dentes  subulati,  distantes. 

Brae  tea.  —  Ad  exortum  pedunculorum  propriorum,  monophylla,  erecta, 
foliolis  similis. 

:u  dormit  floribus  arete  pedunculo  communi  approximatis,  super 
imposita  bractea,  foliolis,  stipulisque  conniventibus.  Legumina  cylind- 
rica  avistata. 

"We  have  not  been  able  to  find  any  later  description  of  the  plant. 
Ascherson  and  Schweinfurth  (Flora  Egypt  iaca),  and  also  Boissier,  refer 
to  the  description  given  by  Linnaeus. 

The  plant  is  known  to  the  Arabs  as  "Khuther,"  and  when  mature 
and  the  seeds  fully  ripe,  it  is  used  by  them  as  a  fodder  for  cattle. 
The  Arabs  are  aware  that  in  the  earlier  stages  of  its  growth,  especially 
just  before  the  ripening  of  the  seeds,  the  plant  is  highly  poisonous. 
This  fact  is,  however,  not  generally  known  to  Europeans,  who  have 
consequently  suffered  through  the  loss  of  horses,  donkeys,  sheep,  and 
cattle,  to  whom  this  plant  is  highly  attractive,  both  on  account  of  its 
appearance  and  fragrant  odour.  There  is  some  evidence  that  certain 

1  Reprinted  from  the  Philosophical  Transactions  1901,  194  B,  515. 


102        DUNSTAN  AND  HENRY:  THE  NATURE  AND 

animals  indigenous  to  Egypt  have  become  immune  to  the  poisonous 
effects  of  this  plant. 

The  air-dried  plant,  which  retains  to  a  remarkable  degree  its  bright 
green  colour,  has  a  pleasant  herbaceous  odour,  resembling  that  of  dry 
hay.  The  attention  of  both  the  military  and  civil  authorities  in  Egypt 
having  been  frequently  directed  to  the  toxic  properties  of  this  plant, 
the  Director  of  Kew  Gardens  was  consulted,  and  Sir  W.  Thiselton- 
Dyer  referred  to  us  the  investigation  of  the  matter. 

To  the  interest  and  energy  of  Mr.  Ernest  Floyer,  of  Cairo,  Member 
of  the  Egyptian  Institute,  we  are  very  greatly  indebted,  especially  for 
the  trouble  he  has  taken  to  collect  for  us  in  Egypt  the  abundance  of 
carefully-selected  material  required  for  this  research.  The  plants 
collected  at  different  stages  of  growth  were  thoroughly  dried  in  the 
air  before  their  despatch  to  England. 


Preliminary  Investigation. 

In  the  preliminary  examination  the  important  observation  was  made 
that  when  the  dried  unripe  plant  is  crushed  with  water  and  allowed 
to  stand  for  a  few  hours  it  gradually  develops  a  strong  odour  of  prussic 
(hydrocyanic)  acid.  When  this  mixture  was  distilled,  a  distillate 
was  obtained  which  exhibited  all  the  chemical  reactions  of  this 
compound. 

The  amount  of  hydrocyanic  acid  produced  has  been  determined  by 
distilling  the  finely-powdered  dried  material  with  water,  with  which 
it  had  been  in  contact  for  some  hours,  the  distillate  being  collected  so 
long  as  it  gave  the  Prussian-blue  reaction  for  hydrocyanic  acid.  The 
entire  distillate  was  made  distinctly  alkaline,  and  the  hydrocyanic  acid 
estimated  volumetrically  with  silver  nitrate. 

The  determinations  with  different  portions  of  a  consignment  of  plant 
with  flowers  and  a  few  seed-pods  attached  gave  0-304  and  0'345  per 
cent,  of  hydrogen  cyanide,  calculated  on  the  air-dried  material.  With 
younger  plants,  bearing  flower-buds  as  well  as  flowers,  O263  per  cent. 
was  obtained. 

This  latter  result  confirmed  the  impression  gained  from  qualitative 
examination  of  plants  of  various  ages,  that  the  poison  reaches  its 
maximum  at  or  about  the  period  when  flowering  ceases  and  the  seeds 
begin  to  develop. 

When  the  plant  is  extracted  with  alcohol,  no  prussic  acid  is  found 
in  the  extract,  and  similarly  when  the  plant  is  covered  with  boiling 
water  little  or  no  prussic  acid  is  evolved.  The  production  of  the  acid 
by  cold  water  was,  however,  not  inhibited  by  the  presence  of  salicylic 
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acid,  boric  acid,  phenol,  or  other  similar  antiseptics,  which  might  be 
expected  to  interfere  with  microbic  action. 

The  various  aqueous  extracts  always  exerted  a  considerable  reducing 
power  on  alkaline  solutions  of  copper  salts.  The  production  of  hydro- 
cyanic acid  from  the  plants  in  the  presence  of  cold  water,  a  result 
which  does  not  ensue  from  the  action  of  either  alcohol  or  boiling  water, 
recalls  the  very  similar  behaviour  of  the  seed  of  the  bitter  almond  tree 
(Pi'iiiin.-i  amii<i<l'i.l-'i$,  var.  amara),  which,  as  is  well  known,  contains  a 
glucoside  amygdalin  and  an  enzyme  emulsin,  the  interaction  of  which 
in  the  presence  of  cold  water  results  in  the  hydrolysis  of  the  amygdalin, 
with  the  formation  of  hydrocyanic  acid,  dextrose,  and  benzaldehyde. 
The  similarity  in  the  behaviour  of  Lotus  arabicus  and  bitter  almonds 
was  highly  suggestive  of  the  existence  of  substances  in  the  former, 
similar  to  amygdalin  and  emulsin.  This  suggestion  received  further 
support  in  the  observation  that  when  the  dried  alcoholic  extract  of 
Lotus  was  warmed  with  dilute  hydrochloric  acid,  hydrocyanic  acid  was 
produced,  together  with  a  sugar  capable  of  reducing  Fehling's  solution. 

Extraction  of  the  GluC' 

The  dried  plant  reduced  to  a  fine  powder  was  extracted  in  the  cold 
with  purified  methylated  alcohol.  The  mixed  alcoholic  liquors  were 
then  concentrated  to  a  syrup,  which  was  boiled  repeatedly  with  water 
in  order  to  separate  the  glucoside  from  the  chlorophyll  and  resin. 
Tannin,  gum.  and  similar  substances  were  removed  by  precipitation 
with  lead  acetate  in  the  usual  manner.  The  purified  aqueous  solution, 
after  removal  of  excess  of  lead,  was  bright  yellow  in  colour.  It  was 
evaporated  on  the  water-bath  until  of  a  syrupy  consistence,  when  it 
was  exposed  in  a  vacuous  desiccator  over  quicklime,  and  as  all  other 
methods  failed  to  induce  anything  to  crystallise,  it  was  left  in  the 
desiccator  and  well  stirred  every  day.  After  some  weeks  a  small 
quantity  of  a  substance  crystallising  in  minute  yellow  needles  separated. 
This  was  removed  from  the  viscid  mother  liquor  by  absorption  of  the 
latter  in  a  porous  tile,  which  was  then  broken  up  and  extracted  with 
water.  This  extract  evidently  still  contained  far  more  of  the  substance 
than  could  be  readily  separated  in  a  crystalline  condition.  From 
nearly  a  kilogram  of  the  plant  only  about  "25  gram  of  crystalline 
material  was  extracted,  but  by  working  up  about  10  kilograms  of  the 
plant  a  quantity  sufficient  for  analysis  was  eventually  obtained. 

The  substance  thus  prepared  proved  to  be  a  glucoside,  which  it  is 
proposed  to  name  lotusin.  It  was  recrvstallised  from  hot  alcohol,  and 
was  thus  obtained  in  needles  having  a  very  faint  yellow  colour.  It  is 
bitter  to  the  taste,  and  does  not  reduce  Fehling's  solution  except  after 
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long  boiling.  It  has  no  definite  melting  point,  but  decomposes  when 
slowly  heated.  Unlike  quercitrin  and  other  similar  glucosides  of 
colouring  matters,  lotusin  is  not  precipitated  by  lead  acetate,  a  fact 
which  we  have  utilised  in  purifying  it. 

With  the  exception  of  amygdalin,  lotusin  is  the  only  glucoside 
definitely  known  which  furnishes  prussic  acid  as  a  decomposition 
product. 

Combustions  of  specially-purified  material,  dried  at  100°  C.  until  of 
constant  weight,  gave  the  following  results — • 

•1418  gram  gave  -2708  gram    CO.2  =  52-08  per  cent,  C. 

•0618  „  H,O=  4-83  „  H. 
•1620  „  „  -3134  „  C~O9  =  52-59  „  C. 

•071  „  HL,6=  4-8  „  H. 
C28H81O16N  requires  C  52-7  per  cent.  ;  H  4'3  per  cent. 

In  a  preliminary  account  of  this  inquiry  (Roy.  Soc.  Proc.,  vol.  67,  p. 
224),  we  assigned  to  lotusin  the  formula  C0.2H19NO10  as  representing 
the  simplest  combination  of  the  decomposition  products  obtained  from 
it.  The  new  formula  deduced  from  the  results  of  analyses  given  above 
and  from  other  data  differs  from  that  formerly  given  by  a  molecule  of 
dextrose.  A  quantitative  determination  of  the  hydrolytic  products 
has  shown  that  two  molecules  of  dextrose  are  produced  by  the 
hydrolysis  of  a  molecule  of  lotusin,  instead  of  one,  as  we  had  assumed 
in  our  preliminary  communication. 

Hydrolysis  of  Lotusin  by  Acids. 

When  an  aqueous  solution  of  lotusin  is  mixed  with  dilute  hydro- 
chloric acid  and  the  mixture  is  warmed  on  the  water-bath  for  a  few 
minutes,  a  crystalline  yellow  precipitate  forms,  and  the  liquid  acquires 
a  strong  odour  of  hydrocyanic  acid.  In  examining  the  nature  of  the 
coloured  product,  it  was  found  convenient  to  utilise  for  its  preparation 
the  mother  liquors  from  which  as  much  lotusin  as  possible  had  been 
crystallised,  since,  as  has  been  already  pointed  out,  these  still  contained 
a  large  amount  of  lotusin  in  solution.  The  products  of  hydrolysis 
were,  however,  in  the  first  instance  prepared  from  purified  lotusin,  and 
their  identity  with  those  obtained  from  the  mother  liquors  definitely 
established. 

Identification  of  the  Sugar. 

About  1  gram  of  lotusin  was  hydrolysed  in  aqueous  solution  by 
the  addition  of  a  little  hydrochloric  acid  and  subsequent  warming. 

The  crystalline  precipitate  was  filtered  out,  the  liquid  decolorised 
by  animal  charcoal,  and  examined  in  the  polarimeter,  when  a  distinct 
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dextrorotation  was  observed.  The  liquid  was  then  somewhat  evapor- 
ated and  a  solution  of  phenylhydrazine  acetate  added,  the  evaporation 
being  continued  until  crystals  began  to  separate.  These,  on  recrystal- 
lisation  from  warm  alcohol,  melted  at  202-203"  C,  and  evidently  con- 
sisted of.  phenylglucosazone,  which  is  stated  to  melt  at  204r  C.  The 
sugar  was  in  all  respects  identical  with  dextrose. 

The  amount  of  dextrose  produced  on  hydrolysis  of  lotusin  was 
determined  gravimetrically.  through  the  cuprous  oxide  reduced  from 
Fehling's  solution,  with  the  following  result — 

•1532    gram    of   lotusin,    hydrolysed    by  dilute    hydrochloric    acid, 
gave  dextrose  sufficient  to  produce  an  amount  of  cuprous  oxide 
corresponding  to  -1792  gram  CuO  =  534  per  cent,  dextrose. 
The  equation 

a,H:10:,X  +  2ELO  -  2C6H1,06  +  C15H10O.  -f  HCX 
requires  the  formation  of  56*5  per  cent,  dextrose. 

Examination  of  the    Yell  OH'  Crystalline  product  of  Hydrolysis,    Loto- 

f" 

It  was  found  most  convenient  in  preparing  quantities  of  this 
material  to  bring  about  the  hydrolysis  by  the  addition  of  a  little 
strong  hydrochloric  acid,  warming  gently  for  a  few  minutes,  and 
rapidly  filtering.  At  first  there  is  some  resinous  matter  produced 
which  remains  on  the  filter.  The  filtrate  deposits  almost  immediately 
a  yellow  precipitate  which,  on  examination  with  a  lens,  is  found  to 
consist  of  minute  needles.  The  hydrolysis  of  lotusin  is  easily  effected, 
even  in  dilute  solution,  by  hydrochloric  acid,  but  is  not  readily  induced 
by  sulphuric  or  nitric  acids  even  when  the  acid  solution  is  warmed  for 
several  hours  on  the  water-bath.  The  insoluble  hydrolytic  product 
can  be  recrystallised  from  its  solution  in  hot  glacial  acetic  acid,  when 
it  forms  bright  yellow  needles  melting  indefinitely  above  200°  C. 
As  the  substance  is  a  yellow  colouring  matter,  the  name  lotoiiavin  is 
proposed  for  it.  Lotoflavin  dissolves  in  alcohol  and  in  aqueous  alkaline 
solutions  with  a  bright  yellow  colour,  but  it  is  insoluble  in  water, 
chloroform,  ether,  and  light  petroleum.  Its  solutions  in  alcohol 
form  orange-red  precipitates  with  soluble  lead  and  barium  salts. 

Combustions  of  lotoflavin,  recrystallised  several  times  from  acetic 
acid  and  dried  at  100"  C'..  gave  the  following  results — 

•176  gram  gave  CO.,  '4041  gram  =  62'6    per  cent.  C. 

H.,6  -0581     „      =     3-79         „       H. 

•0894         „         CO.,  -20'  7     ..      =  63-09         „        C. 

IL.6 -0232     „      =2-8  „       H. 

C15H10Ori  requires  C  62*9  per  cent. :  H  3*5  per  cent. 
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The  amount  of  lotoflavin  produced  by  the  hydrolysis  of  lotusin  was 
determined  by  hydrolysing  a  known  weight  of  the  latter  with  hydro- 
chloric acid,  collecting,  washing,  and  weighing  the  lotoflavin  pre- 
cipitated. 

•6128  gram  gave  -286  gram  lotoflavin,  i.  e.  46'6  per  cent. 
C.,8H31O16N  =  C15H10O0  requires  44-9  per  cent. 

The  hydrolysis  of  lotusin  by  hydrochloric  acid  may,  therefore,  in  the 
light  of  the  evidence  now  given,  be  represented  as  taking  place 
according  to  the  following  equation — 

a8H31010N  +  2H20  -  2C6H1S06  +  C1BH10O8  +  HON. 

Lotusin.  Dextrose.         Lotoflavin. 

Action  of  Acetic  Anhydride  on  Lotoflamn.     Tetracetyl-lotoflavin. 

When  the  colouring  matter  is  dissolved  in  acetic  anhydride  and  the 
solution  warmed  at  100°  C.  for  about  2  hours  a  nearly  colourless 
solution  is  produced.  To  isolate  the  products,  the  mixture  was  poured 
into  excess  of  water,  and  the  whole  shaken  well  at  intervals  until  the 
odour  of  acetic  anhydride  had  disappeared.  The  liquid  was  then 
poured  off  and  the  precipitated  acetyl  derivative  washed,  dried,  and 
dissolved  in  hot  alcohol,  and  the  solution  set  aside.  On  cooling,  it 
deposited  colourless  needles,  which,  after  recrystallisation  from  alcohol, 
showed  a  constant  melting  point  of  176-178°  C. 

On  combustion,  the  following  results  were  obtained — 

•0739  gram  gave  '1636  gram  CO.2  =  60'29  per  cent,  C. 

•0250  „  H26  =  4-34  „  H. 
•102  „  -2255  „  CO2  =  60-36  „  C. 

•0399  „  H2O  =  3-78  „  H. 
C16H6O2(C2H3O2)4  requires  C  60-7  per  cent. ;  H  3'9  per  cent. 

The  amount  of  lotoflavin  produced  on  hydi'olysis  of  the  acetyl 
derivative  was  determined  and  found  to  be  as  follows — 

•1185  gram  gave  -0756  gram  =  63-8  per  cent. 
•1014         „          -0641      „      =  63-2 
C15H6O0(C9H309)4  requires  62 '9  per  cent. 

The  substance  is  therefore  tetracetyl-lotoflavin. 

Action  of  Methyl  Iodide  on  Lotoflavin.     The  Isomeric  Triinethyl  Ethers 

of  Lotoflamn. 

About  1  gram  of  lotoflavin  was  dissolved  in  methyl  alcohol  and 
a  small  amount  of  solid  potash  added  to  the  solution  and  then  methyl 
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iodide  in  excess.  The  mixture  became  hot  and  the  reaction  progressed 
rapidly.  The  solution  was  boiled  for  an  hour  to  ensure  complete 
ir.erhylation.  The  excess  of  methyl  iodide  and  the  solvent  were  then 
distilled  off  and  the  residue  mixed  with  water  to  remove  the  potassium 
iodide  formed.  The  insoluble  portion  was  dissolved  in  hot  methyl 
alcohol.  This  solution  on  cooling  furnished  yellow  crystals  melting 
at  125'  C. 

These  on  recry.stallisation  from  a  somewhat  dilute  solution  in  methyl 
alcohol  gave  a  first  fraction  melting  at  125:  C.  and  a  second  melting 
at  1  75=  C.  As  there  appeared  to  be  at  least  two  substances  present, 
a  larger  amount  of  the  methyl  ether  was  prepared  and  recrystallised. 
Working  with  this  new  material  it  was  found  that  two  mutually 
convertible  methyl  ethers  had  been  produced,  one,  the  a-form,  melting 
at  125"  C.,  separating  from  solutions  prepared  by  boiling  the  methyl 
ether  with  methyl  alcohol  in  insufficient  quantity  for  solution,  and  a 
second,  the  /3-form.  melting  at  175  C.,  and  separating  always  as  a 
second  fraction,  in  largest  quantity  from  more  dilute  solutions 
prepared  by  gently  warming  the  methyl  ether  with  excess  of  methyl 
alcohol. 

The  a-methyl  ether  crystallises  in  rosettes  of  needles  of  a  bright 
yellow  colour,  whilst  the  /3-form  crystallises  in  long  needles  of  an 
old-gold  colour  and  silky  lustre.  The  /3-form  is  more  soluble  in  methyl 
alcohol  than  the  a-form.  It  is  somewhat  remarkable  that,  although 
the  transition  point  between  the  two  forms  must  be  lower  than  the 
boiling  point  of  methyl  alcohol  (66"  C.),  since  the  /3-forin  is  converted 
into  the  a-form  by  boiling  with  this  solvent,  yet  the  /?-form  can  be 
heated  in  the  solid  state  without  change  far  beyond  the  melting  point 
of  the  a-methyl  ether.  During  this  operation  the  ^8- form  must  be  in 
a  condition  of  labile  equilibrium.  A  similar  phenomenon  is  presented 
by  sulphur,  which  in  the  rhombic  form  can  be  heated  up  to  its  melting 
point.  114-5  C.,  although  the  temperature  of  transition  to  nionoclinic 
sulphur  is  only  95  M 

The  number  of  methoxyl  groups  present  in  the  two  methyl  ethers 
was  determined  in  the  usual  way  by  Zeisel's  method; 

a-methyl  ether  '1196  gram  gave  -2565  gram  silver  iodide  =  28'3  per 

cent,  methoxyl. 

/3-          „  -1008  „          -2139         ,-,  „          =28-07  per 

cent,  methoxyl. 
C15H7O3(OCH3)3  requires  28-35  per  cent. 

The  substances  are  therefore  isomeric  trimethyl  ethers. 
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Action  of  Acetic  Anhydride  on  the  Trimethyl  Ether  of  Lotoflavin, 
Acetyltrimethyl-lotoflavin. 

Since  lotoflavin  yields  a  tetracetyl  derivative,  and  therefore  probably 
contains  four  hydroxyl  groups,  and  yet  only  yields  a  trimethyl  ether, 
it  was  of  interest  to  determine  whether  the  remaining  hydroxyl  group 
of  the  methyl  ether  could  be  acetylated.  About  2  grams  of  the 
a-modification  of  the  trimethyl  ether  were  dissolved  in  excess  of  acetic 
anhydride  and  the  mixture  warmed  on  the  water-bath  for  an  hour. 
Excess  of  water  was  then  added,  and  after  standing  for  a  day  the 
mixture  was  filtered  and  the  insoluble  precipitate  washed  with  water, 
dried,  and  dissolved  in  boiling  alcohol.  On  cooling  the  solution,  pale 
yellow  needles  were  obtained  of  an  acetyl  derivative  melting  constantly 
at  147°  C. 

A  determination  of  the  amount  of  methyl  iodide  formed  by  the 
action  of  hydriodic  acid  gave  the  following  result — 

•12  gram  gave  '231  gram  Agl  — 25-5  per  cent,  of  methoxyl. 
C15H6O2(OCH3)3C2H8O2  requires  25-1  per  cent. 

By  the  action  of  acetic  anhydride  on  the  ^-modification  of  the 
trimethyl  ether  the  same  acetyl  trimethyl  ether  was  obtained. 

Action  of  Mineral  Acids  on  Lotoflavin. 

It  is  known  that  certain  of  the  natural  vegetable  colouring  matters 
have  the  property  of  combining  with  a  molecule  of  sulphuric  acid  and 
other  mineral  acids.  The  compounds  so  formed  are  stable  in  the 
presence  of  acetic  acid  but  are  immediately  hydrolysed  by  water  into 
their  constituents.  It  was  of  interest  to  examine  the  behaviour  of 
lotoflavin  in  this  respect,  and  attempts  were  therefore  made  to  prepare, 
by  the  methods  described  by  Perkin  (Journ.  Chem.  Soc.,  1895),  similar 
acid  compounds  of  lotoflavin.  To  boiling  saturated  solutions  of  the 
colouring  matter  in  glacial  acetic  acid  a  few  drops  of  the  following  acids 
were  respectively  added — sulphuric,  hydrochloric,  and  hydriodic  acids. 
In  each  case  there  was  a  perceptible  darkening  in  colour  of  the  solution, 
but  on  cooling  no  crystalline  compound  separated,  and  on  evaporation 
in  a  vacuous  desiccator  only  amorphous  residues  containing  the  original 
colouring  matter  were  obtained.  Parallel  experiments  carried  out 
with  quercetin  and  fisetin,  the  colouring  matters  of  quercitron  bark 
and  of  young  fustic  respectively,  gave  abundant  quantities  of  the  acid 
compounds  of  these  substances.  It  has  been  shown  by  Perkin  that 
those  colouring  matters  which  have  the  property  of  forming  acid 
compounds  also  possess  the  property  of  decomposing  alcoholic  solutions 


ORIGIN   OF   THE   POISON   OF   LOTUS   ARABICUS.  109 

of   the   alkaline   acetates,  with   the   formation   of   insoluble   metallic 
derivatives  of  the  colouring  matter. 

When  a  saturated  alcoholic  solution  of  lotoflavin  is  added  to  a 
saturated  alcoholic  solution  of  potassium  acetate,  no  precipitate  is 
formed,  even  on  standing  or  on  boiling  for  some  time.  Parallel 
experiments  carried  out  with  quercetin  gave  an  abundance  of  the 
-ium  derivative  of  quercetin.  It  is  therefore  proved  that  loto- 
flaviu  neither  forms  compounds  with  mineral  acids  nor  reacts  with 
potassium  acetate  to  form  a  potassium  salt. 

Action  of  Fused  Potash  on  Lotoflamn. 

In  order  to  gain  further  knowledge  of  the  constitution  of  lotoflavin 
its  decomposition  by  fused  alkalis  was  examined. 

About  2  grams  of  the  colouring  matter  were  dissolved  in  5  cub. 
centims.  of  a  20  per  cent,  solution  of  potash,  and  to  this  mixture  about 
2  grams  of  solid  potash  were  added  and  the  whole  kept  just  fused 
for  about  an  hour.  The  product  was  then  cooled,  dissolved  in  water, 
and  the  solution  made  acid,  filtered,  and  repeatedly  shaken  with  ether. 

The  ethereal  liquids  were  mixed,  decolorised  with  animal  charcoal, 
dried  over  calcium  chloride,  and  the  solvent  distilled  off.  The  residue 
was  dissolved  in  a  little  water,  the  solution  filtered  and  concentrated 
in  a  vacuous  desiccator.  After  several  weeks  a  small  quantity  of  a 
crystalline  acid  substance  separated,  which  after  recrystallisation  from 
hot  water,  melted  at  L'07  C.,  exhibited  the  fluorescein  reaction  after 
fusion  with  phthalic  anhydride,  gave  a  pink  coloration  with  aqueous 
ferric  chloride,  and  possessed  the  other  properties  of  f$-resorcylic  acid. 

The  residual  liquid,  which  left  a  gummy  mass  when  evaporated, 
contained  phloroglu-cinol,  as  was  proved  by  the  power  of  striking  a 
violet  colour  with  ferric  chloride  and  of  staining  a  magenta  colour  a 
pine  shaving  moistened  with  hydrochloric  acid.  Eventually  a  small 
amount  of  phloroglucinol  crystallised  out  from  this  viscid  residue  and 
was  identified  by  its  melting  point  and  general  properties. 

Alkaline  Hydrolysis  of  Lotusin — Lotusinic  Acid. 

When  lotusin  is  warmed  with  alkaline  liquids  it  passes  into  solution, 
ammonia  being  evolved  and  the  liquid  becoming  bright  yellow.  From 
aqueous  solutions  it  is  not  easy  to  isolate  the  product  of  hydrolysis, 
and  it  was  found  more  convenient  to  carry  out  the  hydrolysis  in 
alcoholic  solution.  If  lotusin  is  added  to  alcoholic  potash  (20  per 
cent.)  it  gradually  passes  into  solution  with  evolution  of  ammonia. 
Ou  standing,  an  insoluble  potassium  salt  separates  in  the  form  of 
bright  yellow  needles. 
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This  potassium  salt  is  very  soluble  in  water,  almost  insoluble  in 
alcohol,  ether,  and  light  petroleum. 

When  aqueous  silver  nitrate  is  added  to  an  aqueous  solution  of  the 
potassium  salt,  a  bright  yellow  silver  salt  is  precipitated. 

A  determination  of  the  amount  of  silver  in  this  salt  was  made  with 
the  following  result — 

•306  gram  gave  '0430  gram  silver  =  14'05  per  cent.  Ag. 
C28H31O18Ag  requires  14-14  per  cent.  Ag. 

This  salt  decomposes  easily  and  has  not  been  obtained  crystalline. 
The  production  of  this  acid  from  lotusin  may  therefore  be  repre- 
sented by  the  following  equation — 

C»H810WN  +  2H20  =  C28H32018  +  NH3. 
It  is  proposed  to  call  this  acid  lotusinic  acid. 

Hydrolysis  of  Lotusinic  Acid. 

When  the  potassium  salt  of  this  acid  is  dissolved  in  water  and  the 
solution  made  acid  by  the  addition  of  dilute  hydrochloric  acid,  no 
precipitate  is  formed,  but  on  attempting  to  evaporate  the  mixture,  a 
crystalline  yellow  substance  separates  and  the  liquid  acquires  the 
property  of  reducing  Fehlirig's  solution.  The  crystalline  yellow 
precipitate  proved  to  be  lotoflavin,  since  it  gave  an  acetyl  derivative 
melting  at  175°  C.  possessing  all  the  characteristics  of  tetracetyl 
lotoflavin. 

From  the  filtered  liquid,  by  addition  of  phenylhydrazine,  phenyl- 
glucosazone  melting  at  204°  C.  was  obtained. 

The  products  of  hydrolysis  of  lotusinic  acid  are  therefore  lotoflavin 
and  dextrose.  In  addition  to  these  substances,  an  acid  is  produced 
which  it  has  so  far  been  found  impossible  to  obtain  in  a  pure  condition. 
It  remains  in  the  syrup  when  the  liquid  obtained  by  hydrolysing 
lotusinic  acid  in  aqueous  solutions  is  evaporated,  and  does  not 
crystallise  when  stirred,  or  after  solution  in  hot  alcohol,  or  when 
ether  is  added  in  small  quantities  from  day  to  day  to  its  alcoholic 
solution.  There  can  be  little  doubt  from  its  properties  that  this  acid 
is  hepto-gluconic  acid,  and  that  the  decomposition  of  lotusinic  acid 
may  be  represented  by  the  following  equation,  which  shows  that  one 
of  the  dextrose  residues  of  lotusin  appears  as  a  carboxylic  acid. 

C28H32018  +  2H20  ~  C15H1006  +  C6H120,  +  C7H14O8 

Lotoflavin.     Dextrose.      Heptogluconic 

acid. 

Before  proceeding  to  discuss  the  constitutional  formula  of  lotusin 
and  its  decomposition  products,  it  will  be  convenient  to  summarise  in 
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Ill 


the  following  manner  the  relationships  which  have  been  found  to  exist 
between  them. 

Lotusin. 


(Acid  hydrolysis.) 

Lotoflavin,  dextrose,  and 
hydrocyanic  acid. 


Lototiavin  acted  upon  by — 
(a)  Acetic  anhydride     . 
(6)  Methyl  iodide. 
(c)  Methyl  iodide  and  subse- 
quently by  acetic  anhydr- 
ide       .... 
(cT)  Mineral  acids . 

(e)  Alcoholic  potassium  acetate 

(f)  Fused  potash . 


(Alkaline  hydrolysis.) 

.11 
Lotusinic  acid. 

I 
(Acid  hydrolysis.) 

II 
Lotoflavin,  dextrose,  and 

heptogluconic  acid. 

gives  a  te^racetyl  derivative. 
ether. 


form 

forms 

yields 


wo/i-acetyl  ^/umethyl  ether. 
no  addition  compounds, 
no  potassium  derivative, 
phloroglucinol    and 
/2-resorcylic  acid. 


Constitution  of  Lotusin  and  Lotoflavin. 

The  experimental  results  already  given  in  detail  and  tabulated 
above,  aro,  we  think,  best  accounted  for  by  assigning  to  lotoflavin  the 
constitution  of  a  tetrahydroxy  phenylated  pheno-y-pyrone,  and  to 
lotusin  that  of  a  cyanhydrin  of  a  maltose  ether  of  lotoflavin.  These 
structures  may  be  graphically  represented  thus — 


OH. 


OH 


OH. 


OH   CO 
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When  hydrolysed  by  acids  the  initial  decomposition  of  lotusin  may 
be  represented  by  the  following  equation  — 


C28H31N016 


H20  =  C12H230U  +  CioHio06 

Maltose.          Lotoflavin. 


giving  maltose  C12H.).,O11,  lotoflavin  C15H1(JO6,  and  hydrocyanic   acid 
HCK 

As  the  result  of  further  action  of  the  acid,  the  maltose  is  at  once 
hydrolysed  to  dextrose. 

The  conversion  of  lotusin  into  lotusinic  acid  (in  alkaline  solution) 
takes  place  in  the  manner  characteristic  of  the  hydrolysis  of  nitriles 
into  their  corresponding  acids  — 

O          OH 


CUH21O10'CH-(COOH)— O— 


OH. 


OH    CO        Lotusinic  acid. 


The  further  hydrolysis  of  lotusinic  acid  by  acids  may  be  represented 
thus— 

C28H32°18   +   HP   =   C15H10°<5  +   C13H24°13 
Lotusinic  Lotoflavin.  Maltose 

acid.  carboxylic  acid. 


,COOH 


OH 

Maltose  carboxylic  acid. 


OH 


OH. 


OH  CO 

Lotoflavin. 


giving  maltose-carboxylic  acid  and  lotoflavin,  the  former  breaking  up 
at  once  by  the  further  action  of  the  acid  into  dextrose  and  hepto- 
gluconic  acid — 

C13H2i013  +  H20  =  C6H1206  +  C7HU0S. 

The  fact  that  lotusin  is  readily  hydrolysed  by  hydrochloric  acid  and 
not  by  sulphuric  acid  may  perhaps  be  explained  by  assuming  that  an 
intermediate  chlorimide  is  formed  through  which  the  rupture  of  the 
molecule  is  facilitated — 

O         OH 


CnH21010-CH-0- 


OH. 
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The  Hydrolysis  of  Cyanhydrins. — The  constitutional  formula  we 
propose  for  lotusin  appeared  to  satisfactorily  account  for  all  its  reactions 
with  the  exception  of  the  production  of  hydrocyanic  acid  by  the  action 
of  dilute  hydrochloric  acid,  which  required  further  elucidation.  For  it 
is  generally  stated  that  cyanhydrins,  whether  derived  from  aldehydes 
or  ketones,  furnish  the  corresponding  acids  when  hydrolysed  by  either 
acids  or  alkalis,  except  in  the  case  of  a-hydroxycyanides,  which  under 
the  influence  of  alkalis  lose  hydrocyanic  acid  with  formation  of  an 
aldehyde.  Thus  the  pentacetyl  cvanhydrin  of  arabinose  when  acted 
on  with  alcoholic  potash  furnishes  hydrocyanic  acid  and  arabinose. 
It  seems,  however,  that  the  pure  cyanhydrins  have  been  isolated  and 
their  properties  studied  only  in  'a  very  few  cases.  In  general,  the 
effects  of  hydrolysis  by  strong  acids  have  been  alone  ascertained,  and 
little  or  nothing  is  known  as  to  the  effect  of  water  and  of  dilute  acids 
on  cyanhydrins  of  known  constitution.  We  therefore  investigated  the 
question  with  typical  cyanhydrins. 

Hydrolysis  of  the  Cyanhydrin  of  Benzaldehyde  (Mandelic  Xitrile). — 
When  mandelic  nitrile  is  mixed  with  water  and  the  mixture  shaken 
vigorously  and  then  allowed  to  settle,  the  separated  aqueous  solution 
gives  all  the  reactions  of  hydrocyanic  acid,  and  by  long-continued 
shaking  it  was  found  that  practically  the  whole  of  the  hydrocyanic 
acid  could  be  removed  from  the  cyanhydrin  with  the  formation  of 
benzaldehyde.  Thus  after  shaking  2  grams  of  the  nitrile  about 
twelve  times  in  succession  with  an  equal  volume  of  water,  the  oil 
which  finally  separated  solidified  completely  to  benzaldehyde  phenyl- 
hydrazone  on  the  addition  of  phenylhydrazine.  It  was  incidentally 
found  that  if  phenylhydrazine  be  added  to  mandelic  nitrile  and  the 
mixture  allowed  to  stand  for  several  days,  benzaldehyde  phenylhydrazone 
is  formed  with  gradual  evolution  of  hydrocyanic  acid. 

The  splitting  off  of  hydrocyanic  acid  occurs  when  mandelic  nitrile 
is  allowed  to  stand  in  contact  with  dilute  hydrochloric  acid  or  when 
warmed  with  it,  but  with  concentrated  acid  phenylglycollic  acid 
(mandelic  acid)  is  formed,  and  no  hydrocyanic  acid  is  produced. 

Hydrolysis  of  Levulose  Cyanhydrin. — Attempts  were  made  to  isolate 
the  cyanhydrins  of  dextrose  and  maltose  by  the  addition  of  50  per 
cent,  solutions  of  hydrocyanic  acid  to  aqueous  solutions  of  these  sugars, 
but  in  both  cases  the  corresponding  carboxylic  acid  is  so  rapidly 
formed  that  it  was  impossible  to  obtain  the  intermediate  compound. 
Levulose  cyanhydrin  was,  however,  prepared  by  the  method  described 
by  Ktlliani  and  Dull  (Ber.,  1890,  vol.  23,  p.  450).  When  warmed 
with  dilute  hydrochloric  acid  it  gave -hydrocyanic  acid,  but  with 
concentrated  acid  it  passed  directly  into  levulose  carboxylic  acid. 

Hydrolysis  of  Pentacetyl  Gluconitrile. — This  substance  was  prepared 
n.  I 
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in  crystals  melting  at  83°  by  the  method  described  by  Wohl  (Ser., 
vol.  26,  p.  730),  which  consists  in  acting  on  the  oxime  of  ordinary 
dextrose  with  acetic  anhydride  in  presence  of  sodium  acetate.  It  was 
found  that  whilst  the  substance  was  readily  converted  into  the  corre- 
sponding acid  by  the  action  of  strong  hydrochloric  acid,  the  action 
of  very  dilute  acid  led  to  the  separation  of  hydrocyanic  acid. 

These  results,  therefore,  made  it  justifiable  to  assume  that  a  cyan- 
hydrin  of  the  formula  we  suggest  for  lotusin  would  evolve  prussic 
acid  when  hydrolysed  by  hydrochloric  acid,  as  lotusin  is  found  to  do. 

In  determining  the  constitution  of  lotoflavin,  its  great  resemblance 
to  colouring  matters  of  the  quercetin  type,  now  generally  regarded  as 
phenylated  pheno-y-py rones,  must  be  taken  into  account. 

Lotoflavin  is  isomeric  with  two  yellow  colouring  matters  of  this 
class,  viz.,  fisetin  (from  young  fustic,  Rhus  cotinus)  and  luteolin  (from 
Reseda  luteola),  and  corresponds  with  them  in  general  behaviour. 
To  these  two  isomerides  the  following  formulae  have  been  assigned, 
whilst  the  third  is  that  now  proposed  for  lotoflavin — 


OH 


0 


OH 


OH 


OH 


HO 


OH 


OH 


OH  CO 

Luteolin. 


O        OH 


CO 

Fisetin. 
OH 


OH 


OH  CO 

Lotoflavin. 

It  will  be  seen  that  these  formulae  represent  the  isomerides  as  con- 
taining four  hydroxyl  groups,  and  in  support  of  this  assumption  may 
be  brought  forward  the  fact  that  each  forms  a  tetracetyl  derivative. 
On  the  other  hand,  luteolin  and  lotoflavin  form  with  methyl  iodide 
only  trimethyl  ethers  instead  of  the  tetramethyl  ethers  which  might 
be  expected.  This  phenomenon  of  incomplete  methylation  is  also 
exhibited  by  quercetin  and  myricetin,  which  are  other  members  of 
this  class  of  colouring  matters,  and  also  by  various  hydroxy-derivatives, 
such  as  /3-resorcylic  acid ;  the  common  feature  in  these  cases  being 
that  each  of  these  compounds  contains  a  hydroxyl  group  in  the  so- 
called  ortho  position  to  a  carbonyl  group.  This  is  the  case  with  one 
hydroxyl  group  in  the  formulae  given  above  for  lotoflavin  and  luteolin. 
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The  decomposition  products  afforded  by  lotoflavin  when  fused  with 
potash  are  identical  with  those  given  by  morin,  a  colouring  matter 
contained  in  Morns  tinctoria.  To  the  latter  Bablich  and  Perkin 
(Journ.  Chem.  Soc.,  1896,  69,  797)  have  assigned  the  following 
formula  — 

O        OH 


OH 


OH  CO 

The  similarity  of  the  decomposition  products  of  morin  and  lotoflavin 
by  fused  potash  are  shown  in  the  following  scheme — 


C15H10°7   +   H2°   +   3O   = 
O  OH 


OH 


)H     OH 


+  C7H604  +  2COL>. 

COOH 

OH 
OH 


2CO., 


'°  OH 

OH   CO  +  H.,O  +  3O  =          OH  0-resorcylic  acid. 

Phloroglucinol. 
Morin. 


H20 


OH 


C7H6O4 


2CO. 


COOH 


OH 


OH    OH 


+HO  +  2O= 


0 

OH 


OH 


+  2CO, 


Lotoflavin. 


Phloroglucinol. 


+ 

OH 

/3-resorcylic  acid. 


In  each  case  the  phloroglucinol  carboxylic  acid,  under  the  conditions 
of  the  experiment,  forms  phloroglucinol  and  carbon  dioxide,  whilst 
the  side  chains  of  the  resorcinol  compounds  simultaneously  formed, 
are  oxidised  to  carboxylic  groups  producing  /3-resorcylic  acid.  Morin 
is  therefore  to  be  regarded  as  a  hydroxy-lotoflavin. 

There  remains  for  consideration  one  point  in  which  lotoflavin  differs 
from  most  of  the  members  of  the  quercetin  group  of  colouring  matters, 
viz.,  in  its  inability  to  form  addition  compounds  with  mineral  acids  or 
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to  replace  acetic  acid  in  the  acetates  of  the  alkali  metals  with  the 
formation  of  a  metallic  derivative. 

It  has,  however,  been  shown  by  A.  G.  Perkin  that  so  far  only  those 
members  of  this  class  of  colouring  matters  which  possess  in  their 
catechol  nucleus  two  hydroxyl  groups  in  the  ortho  position  to  each 
other  exhibit  this  behaviour,  so  that  the  formation  of  such  compounds 
in  the  case  of  lotoflavin  is  not  to  be  expected  from  the  formula  we 
propose  for  it. 

We  have  assumed  in  the  formula  assigned  to  lotusin  that  the 
maltose  cyanhydrin  residue  is  attached  to  one  of  the  hydroxyl 
residues  of  the  pheno-pyrone  ring.  The  exact  point  of  attachment 
cannot,  however,  be  decided  on  the  experimental  evidence  at  present 
available  as  to  the  properties  of  derivatives  of  this  class  of  compounds. 


The  Enzymes  of  Lotus  arabicus. 

As  has  been  already  pointed  out,  the  method  of  production  of 
hydrocyanic  acid  from  this  plant,  by  crushing  it  in  contact  with  cold 
water,  is  characteristic  of  enzymic  hydrolysis,  and  this  mode  of  origin 
is  further  supported  by  the  fact  that  the  formation  of  the  acid  is 
prevented  by  boiling  water  and  by  alcohol,  but  not  by  antiseptics  in 
cold  aqueous  solution.  As  several  enzymes  are  already  known  which 
have  the  power  of  effecting  the  hydrolysis  of  glucosides,  it  was  a 
matter  of  considerable  interest  to  ascertain  whether  the  glucoside- 
destroying  enzyme  of  Lotus  arabicus  was  identical  with  any  of  these. 
In  making  preparations  of  the  enzymes  of  the  plant  the  latter  was 
extracted  with  water  saturated  with  chloroform  in  order  to  ensure 
antiseptic  conditions.  'The  usual  methods  of  obtaining  solid  prepara- 
tions were  used,  such  as  precipitation  of  the  aqueous  extract  by 
alcohol,  precipitation  of  the  enzymes  upon  inert  substances,  such  as 
calcium  phosphate,  and  evaporation  in  vacua  of  an  aqueous  extract 
of  the  plant. 

Preparation  of  Aqueous  Extract. 

About  200  grams  of  the  finely-powdered  plant  were  extracted  in 
the  cold  with  chloroform  water.  The  extract  contained  much  hydro- 
cyanic acid,  which  was  removed  by  exposure  in  a  vacuous  desiccator 
over  solid  potash,  leaving  a  brown-coloured  liquid,  which  on  boiling 
formed  a  considerable  coagulum  of  albumen.  With  this  extract  pre- 
liminary experiments  were  made  to  ascertain  if  it  were  competent  to 
hydrolyse  starch  and  certain  glucosides. 
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Action  of  the  Aqueous  Solution  on  Starch. 

Starch  paste  was  prepared  of  such  a  consistence  that  when  warm 
and  fresh  it  could  just  be  poured  into  test-tubes,  and,  on  cooling,  the 
latter  could  be  inverted  without  any  flow  occurring.  To  a  series  of 
such  tubes  the  following  substances  were  added — 

(a)  1  cub.  centim.  distilled  water. 

(b)  1  „  of  fresh  Lotus  extract. 

(c)  1  ,,  of  boiled  Lotus  extract. 

(</)  1  „  of  a  5  per  cent,  aqueous  solution  of  malt  extract. 

In  about  three  hours  the  contents  of  tubes  b  and  d  had  become 
liquid  and  could  no  longer  be  inverted,  whilst  in  tubes  a  and  c  the 
paste  still  remained  semi-solid. 

Lotus  arabicus  must  therefore  contain  diastase. 


Action  of  the  Aqueous  Extract  on  Proteids. 

It  was  observed  that  the  clear  chloroform-water  extract  on  standing 
for  several  days  gradually  deposited  a  small  amount  of  a  precipitate, 
and  at  the  same  time  the  extract  lost  the  property  of  giving  a  coagulum 
when  boiled.  To  some  of  this  extract  a  small  quantity  of  an  aqueous 
extract  of  the  peas  of  Lathyrus  sativus  was  added.  This  mixture 
when  freshly  made  coagulated  on  boiling,  but  after  four  days'  standing 
it  remained  clear  after  boiling. 

A  series  of  twelve  test-tubes,  each  containing  5  cub.  centims.  of 
fresh  Lotus  extract,  was  prepared,  each  tube  being  carefully  closed 
with  cotton-wool.  The  tubes  were  set  aside,  and  one  of  them  raised 
to  the  boiling  point  on  consecutive  days.  It  was  found  that  the 
amount  of  albumen  coagulated  gradually  decreased  until  when  the 
tenth  tube  was  reached  no  precipitation  occurred. 

Lotus  arabicus  therefore  contains  a  proteolytic  enzyme. 


Action  of  the  Aqueous  Extract  on  Glucosides. 

These  experiments  were  carried  out  in  test-tubes,  saturated  solutions 
of  amygdalin  and  salicin  being  placed  in  these,  to  which  was  then 
added  1  cub.  centim.  of  Lotus  extract,  and,  for  the  sake  of  comparison, 
to  another  similar  set  was  added  1  cub.  centim.  of  sweet  almond 
extract  (emulsin). 

The  sets  of  tubes  comprised  the  following — 
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a,  a.     Containing  respectively  salicin   and   amygdalin  with  1  cub. 

centirn.  boiled  Lotus  extract. 

b,  b'.  „  ,,  ,,          and  amygdalin  with   1   cub. 

centim.  fresh  Lotus  extract. 

c,  c.  ,,  „  ,,          and  amygdalin  with  1  cub. 

centim.  almond  extract. 

d,  d'.  ,,  ,,  ,,          and  amygdalin  with  1  cub. 

centim.  distilled  water. 

Small  samples  of  the  tubes  a,  6,  c,  d  were  taken  every  half-hour  and 
tested  by  means  of  ferric  chloride  for  the  presence  of  saligeriin. 
Tubes  b  and  c  showed  the  presence  of  saligenin  at  the  end  of  the  first 
half-hour,  while  a  and  d  did  not  show  it  even  at  the  end  of  a  week. 

The  decomposition  of  amygdalin  is  easily  observed  owing  to  the 
formation  of  benzaldehyde.  Tube  c'  had  a  distinct  odour  of  benzalde- 
hyde  at  the  end  of  the  first  half-hour,  while  tube  b'  had  only  a  faint 
odour  at  the  end  of  3  hours,  which  became  well  marked  after  24 
hours,  whilst  a  and  d'  showed  no  such  effect.  It  is  therefore  proved 
that  one  of  the  enzymes  of  Lotus  arabicus  is  able  to  decompose  both 
salicin  and  amygdalin,  though  slowly. 

Action  of  Enzymes  on  Lotusin. 

A  series  of  tubes  containing  each  5  cub.  centims.  of  an  aqueous 
solution  of  lotusin  was  made,  and  to  these  were  added — 

(a)  1  cub.  centim.  of  sweet  almond  extract  (emulsin). 

(6)  1  cub.  centim.  of  solution  of  malt  extract  (diastase). 

(c)  1  cub.  centim.  of  aqueous  extract  of  yeast  (invertase). 

(d)  1  cub.  centim.  of  aqueous  extract  of  Lotus. 

Only  in  tube  d  was  there  a  rapid  formation  of  hydrocyanic  acid, 
but  after  two  days  it  was  also  apparent  in  tube  a. 

As  the  glucoside-destroying  enzyme  of  Lotus  is  thus  shown  to  be 
different  from  invertase,  diastase,  and  also  from  emulsin,  it  is  proposed 
to  call  it  Lotase. 

Separation  of  the  Enzymes  of  Lotus  arabicus. 
Precipitation  by  Alcohol. 

A  chloroform- water  extract  of  the  plant  made  as  already  described 
was  poured  into  three  times  its  volume  of  90  per  cent,  alcohol.  The 
voluminous  white  precipitate  so  formed  was  collected,  re-dissolved  in 
water,  and  re-precipitated  in  the  same  manner.  It  was  then  dried 
by  exposure  to  the  air  on  glass  plates.  It  formed  translucent  scales 
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almost  completely  soluble  in  water.  Its  aqueous  solution  rapidly 
liquefied  starch  paste,  and  destroyed  the  coagulable  albumen  of 
Lathyrus  sativus,  but  was  incapable  of  hydrolysing  either  salicin  or 
amygdalin.  It  appears,  therefore,  that  lotase  is  rapidly  destroyed  by 
contact  with  alcohol.  This  enzyme  is  also  unstable  in  presence  of 
glycerin.  In  both  these  respects  lotase  differs  from  emulsin. 

Precipitation  on  Calcium  Phosphate. 

To  a  chloroform-water  extract  of  the  plant  a  few  cub.  centims.  at  a 
time  of  calcium-chloride  solution  and  sodium-phosphate  solution  were 
successively  added,  the  whole  being  well  shaken  after  each  addition 
of  the  two  reagents.  AVhen  a  sufficient  quantity  of  calcium  phosphate 
had  been  formed  the  mixture  was  shaken  for  about  an  hour  and 
filtered,  the  precipitate  being  drained  by  the  filter-pump,  and  dried 
by  exposure  to  the  air  on  glass  plates.  The  preparation  so  obtained 
was  a  white  amorphous  powder,  which  charred  when  heated  in  a 
test-tube.  It  exhibited  both  proteolytic  and  amylolytic  power,  and 
hydrolysed  both  salicin  and  amygdalin.  It  consisted,  therefore,  of  a 
mixture  of  the  three  enzymes  present  in  this  plant. 

Action  of  Heat  on  Lotus  Extract. 

Test-tubes  containing  the  extract  were  kept  at  a  temperature 
varying  from  30°  to  60°  C.  for  several  hours,  and  their  activities  on 
starch,  salicin,  and  albumen  afterwards  examined.  It  was  found  that 
exposure  to  a  temperature  of  50"  almost  entirely  abolished  the  activity 
of  the  extract  towards  salicin,  whilst  it  left  almost  unimpaired  the 
power  of  attacking  starch  and  coagulable  proteid. 

There  is  therefore  further  ground  for  the  conclusion  that  the  plant 
contains  three  separate  enzymes,  one  amylolytic,  a  second  proteolytic, 
and  the  third  glucosidolytic,  and  that  these  three  functions  are  not 
exerted  by  one  and  the  same  enzyme. 

Constituents  of  the  Old  Plants. 

It  has  been  already  mentioned,  as  a  fact  known  to  the  Arabs,  that 
old  plants  with  fully  ripe  seeds  are  not  poisonous,  and  we  find  that 
old  plants  furnish  little  or  no  prussic  acid  when  crushed  with  water. 
Further  examination  has  proved  that  lotase  is  still  present  in  the 
plant  after  maturity,  since  aqueous  extracts  were  able  to  effect  the 
hydrolysis  of  lotusin  and  also  of  amygdalin  and  salicin.  Small 
quantities  of  the  colouring  matter,  lotoflavin,  were  also  present,  but 
lotusin  was  present  either  in  minute  quantity  or  was  entirely  absent. 
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It  would  therefore  appear  that  the  glucoside,  lotusin,  is  concerned 
in  the  metabolism  of  the  plant  after  the  seeds  are  ripe,  when  it 
gradually  disappears  and  the  plant  becomes  non-poisonous. 

The  presence  of  lotoflavin  renders  it  highly  probable  that  the 
glucoside  is  hydrolysed  in  the  metabolic  process,  and  that  the  lotase 
is  concerned  in  this  action.  There  may  be  a  further  biological  signifi- 
cance in  the  simultaneous  presence  in  the  plant  of  the  glucoside  and 
its  hydrolytic  enzyme,  in  the  protection  thus  afforded  to  the  plant  at 
a  critical  period  in  its  life-history  through  the  poisonous  effects  it 
produces  on  animals  which  eat  it  in  the  earlier  stages*  of  growth, 
before  the  seeds  are  quite  ripe  and  about  to  fall. 

ADDENDUM  (September  1901). 
The  Constituents  of  Lotus  arabicus  grown  in  England. 

In  connection  with  the  question  of  the  effect  of  climate  and  soil  on 
the  constituents  of  plants,  it  became  of  interest  to  determine  whether 
lotusin  is  contained  in  plants  grown  in  England.  Through  the  kind- 
ness of  Sir  W.  Thiselton-Dyer  a  few  plants  were  grown  under  glass 
at  Kew  with  seeds  sent  from  Egypt,  whilst  Sir  William  S.  Church, 
Bart.,  President  of  the  Royal  College  of  Physicians,  was  good  enough 
to  grow  other  plants  at  Hatfield. 

The  plants  grown  at  Kew  did  not  develop  satisfactorily ;  many  of 
them  "damped  off,"  and  from  the  few  that  reached  maturity  no 
definite  evidence  of  prussic  acid  could  be  obtained,  although  traces  of 
lotoflavin  were  present.  The  plants  grown  at  Hatfield,  however,  did 
remarkably  well,  and  a  number  of  them  were  examined  after  flowering. 
These  showed  undoubted  evidence  of  the  existence  of  lotusin  and  the 
production  of  prussic  acid,  from  which  it  may  be  concluded  that  under 
the  altered  conditions  of  growth  in  this  country,  the  constituents  of 
the  Egyptian  plant  remain  substantially  the  same. 
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Cyanogenesis  in  Plants. — Part  II.   Tic  <jr«>?  Millet, 
Sorghum  vulgare.1 

By  WYXDHAM  E.  DCXSTAX  and  THOMAS  A.  HENRY. 

Ix  a  previous  paper,  our  first  communication  on  this  subject  (Phil. 
Trans.,  B,  vol.  194,  1901,  p.  515  ;  see  also  this  vol.,  p.  101),  we  have 
shown  that  the  poisonous  effects  produced  by  the  young  plants  of 
Lotus  arabicus  are  due  to  prussic  acid,  which  is  not  present  in  the 
plant  as  such,  but  originates  in  the  hydrolytic  action  of  an  enzyme, 
lotase,  on  a  glucoside,  lotusin.  Recently  we  have  examined  a  large 
number  of  plants  which,  like  this  Egyptian  vetch,  appear,  under  certain 
conditions,  to  possess  poisonous  properties,  and  at  other  times  to  be 
innocuous  and  often  valuable  as  fodder  plants  or  food  stuffs,  with  the 
view  of  ascertaining  to  what  extent  they  contain  glucosides  furnishing 
prussic  acid. 

Among  the  first  of  these  plants  we  examined  was  the  Great  Millet, 
Sorghum  vulgar*,  a  plant  widely  cultivated  in  tropical  countries  for  the 
sake  of  its  nutritious  grain,  which  in  many  districts  of  India  is  the 
staple  food,  known  as  "  Juar/'  of  the  natives.  In  the  West  Indies 
what  is  apparently  the  same  plant  yields  the  important  "Guinea 
Corn,"  and  in  South  Africa  ''Kaffir  Corn." 

We  were  informed  by  Mr.  E.  A.  Floyer,  of  Cairo,  that  in  Egypt  it 
is  well  known  to  the  Arabs  that  the  green  portions  of  the  young  plant 
— the  vernacular  name  of  which  is  "  Dhurra  shirshabi  " — are  poisonous, 
and  that  during  this  period  the  plantations  are  protected  in  various 
ways  in  order  to  prevent  cattle  from  feeding  on  the  immature  growth. 
It  is  to  be  noted  that  in  Egypt  the  name  "dhurra"  is  also  applied  to  a 
variety  of  maize  which  is  largely  cultivated. 

Mr.  Floyer  has  given  us  the  following  account  of  the  plant  in  Egypt. 
"  Dhurra  shirshabi  '  is  not  grown  in  Egypt  as  a  crop,  the  yield  of  corn 
being  too  small.  It  is  planted  chiefly  in  order  to  shade  the  "  Arachis" 
(ground  nut),  to  which  it  also  affords  protection  in  forming  a  poisonous 
hedge.  The  "  thinnings  "  of  the  young  Millet  are  often  strewn  around 
a  cultivated  crop,  and  the  neighbours  are  warned  to  keep  their  cattle 
off.  The  poison  is  most  intense  when  young  plants,  one  foot  high  or 
a-e  kept  without  water  for  a  long  time,  and  such  un watered  young 
plant  is  highly  toxic  to  cows.  The  plant  appears  to  have  been  brought 
to  Egypt  from  Syria,  and  is  now  grown  chiefly  at  Bir  Abu  Bala,  near 
Ismailia.  The  "fellaheen"  do  not  plant  it. 

Cases  of  poisoning  by  young  Sorghum  have   been  also  recorded  in 

1  Reprinted  from  the  Philosophical  Transactions,  1902,  199  A,  399. 
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America   and    in   Australia,    where   the    plant    is    grown    for   forage 
purposes. 

In  India  the  poisonous  properties  of  the  plant — which  bears  the 
vernacular  name  "  juar  "  or  "  jowar  " — do  not  appear  to  be  so  generally 
known,  although  several  well-authenticated  cases  of  the  poisoning  of 
cattle  by  it,  especially  during  drought,  have  been  recorded,  and  much 
has  been  written  on  the  subject  by  veterinary  surgeons  and  others,  who 
have,  as  a  rule,  assumed  that  the  toxicity  is  due  to  the  presence  of  a 
poisonous  fungus  or  insect  upon  the  plant,  or  that  the  Great  Millet 
is  not.  naturally  poisonous,  and  that  the  deaths  of  cattle  as  the  result 
of  eating  it  are  due  to  immoderate  consumption,  which  causes  a  kind 
of  suffocation  from  indigestion,  technically  known  as  "hoven."  The 
symptoms  of  "  hoven  "  are  not  unlike  those  of  prussic  acid  poisoning, 
and  it  is  possible  that  the  various  leguminous  fodders  which  are  known 
to  be  particularly  liable  to  produce  these  effects  may,  at  any  rate 
in  some  cases,  prove,  like  Lotus  arabicus,  and,  as  will  be  shown  in  the 
present  paper,  Sorghum  vulgare,  to  furnish  prussic  acid. 

For  the  material  we  have  employed  in  the  course  of  this  investigation 
we  are  indebted  to  Mr.  E.  A.  Floyer,  who  was  good  enough  to  under- 
take its  collection  at  Egypt  at  different  stages  of  growth. 

Considerable  confusion  exists  as  to  the  identity  of  the  "  Great 
Millets  "  grown  in  different  tropical  countries.  Thus  in  India  the 
plant  is  cultivated  both  as  a  spring  and  an  autumn  crop.  The  varieties 
ripening  in  the  spring  are  probably  originally  derived  from  Sorghiim 
halapense,  a  species  indigenous  to  India,  whilst  the  autumn  crops  are 
generally  referred  to  Sorghum  vulgare,  yet  both  spring  and  autumn 
crops  are  called  "juar"  or  "jowar,"  and  are  used  by  the  natives 
indiscriminately.  Again,  in  India  a  plant  with  an  inflorescence  more 
branched  than  that  of  Sorghum  vulgare  has  been  regarded  as  a  distinct 
species,  and  named  /Sorghum  saccharatum  ;  this  name  is,  however,  given 
in  the  "  Index  Kewensis  "  as  a  synonym  for  Sorghum  vulgare,  of  which 
the  plant  is  probably  merely  a  variety. 

The  plant  we  have  examined  has  been  identified  for  us  by  Dr. 
Schweinfurth  as  undoubtedly  true  S.  vulgare. 

Preliminary  Experiments. 

It  was  observed  that  the  young  plant  when  crushed  and  moistened 
with  cold  water  soon  acquired  a  strong  odour  of  hydrocyanic  acid. 
The  production  of  this  acid  was  confirmed  by  pressing  out  a  little 
of  the  liquid  from  the  moist  plant,  and  distilling  it,  when  a  liquid 
was  obtained  which  gave  the  characteristic  reactions  of  hydrogen 
cyanide. 

A  few  grams  of  the  plant  were  next  exhausted  by  hot  methylated 
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alcohol  in  a  Soxhlet  extractor.  The  solvent  was  distilled  from  the 
solution  and  the  residue  boiled  with  water  until  nothing  more  dissolved. 
The  aqueous  liquid  was  then  distilled  at  first  alone,  and  afterwards 
with  the  addition  of  dilute  hydrochloric  acid  ;  in  the  former  case  none, 
but  in  the  second,  where  hydrolysis  had  occurred,  considerable  quantities 
of  hydrocyanic  acid  were  found  in  the  distillate. 

These  observations  led  us  to  conclude  that  Sorghum  vulgare  contains 
a  glucoside  which  under  the  influence  of  some  hydrolytic  agent  simul- 
taneously present  undergoes  hydrolysis,  furnishing  as  one  product 
hydrocyanic  acid,  to  which  the  observed  toxicity  of  the  young  plants 
must  be  ascribed. 

A  determination  of  the  amount  of  acid  which  the  air-dried  plant 
is  capable  of  producing  at  different  stages  of  growth  was  made  by 
leaving  a  weighted  quantity  in  contact  with  water  for  12  hours,  and 
distilling  off  the  acid  formed  in  a  slow  current  of  steam,  the  liquid 
being  titrated  by  Liebig's  method. 

The  following  results  were  obtained — 

(a)  From  bright  green  plants  about  12  inches  in  height  : 

N 
20  grams  gave  a  distillate  requiring  7-45  cub.  centims.  ^—  silver 

nitrate,  equivalent  to  '201  per  cent.  HCN. 

N 
20  grams  gave  a  distillate  requiring  7'8  cub.  centims.  —  silver 

nitrate,  equivalent  to  -216  per  cent.  HCN. 

(b)  From  plants  about  three  feet  high,    yellowish-green  and   ripe : 
20  grams  of  these  mature  plants  gave  no  indication  of  prussic  acid, 
and  larger  quantities  on  distillation  with  water  gave  amounts  too  small 
to  be  satisfactorily  estimated.     Xo  prussic  acid  was  obtained  from  the 
seeds  of  the  Millet. 

It  has  been  asserted  by  Greshoff  and  Treub  that  in  many  tropical 
plants  hydrocyanic  acid  occurs  as  such,  that  is,  in  the  free  state.  The 
existence  of  the  free  acid  was  demonstrated  by  these  observers  by 
immersing  a  thin  section  of  the  plant  first  in  alkali,  then  in  a  mixture 
of  ferrous  and  ferric  chlorides,  and  finally  in  strong  hydrochloric  acid. 
If  the  plant  tissue  was  stained  blue,  it  was  concluded  that  prussic  acid 
in  the  free  state  was  present.  This  test,  however,  appears  to  us  to  be 
quite  inconclusive,  as  the  mere  moistening  of  plant  tissue  containing 
both  a  glucoside  capable  of  furnishing  prussic  acid  on  hydrolysis  and 
a  hydrolytic  enzyme,  leads  to  the  immediate  production  of  free  acid, 
which  by  Greshoff  and  Treub's  method  would  be  regarded  as  occurring 
pre-formed  in  the  plant.  We  have  carefully  examined  various  specimens 
of  dhurra  for  free  prussic  acid  by  the  following  methods. 

About  20  grams  of  the   finely-powdered   plant   were   placed   in   a 
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distilling  flask  attached  by  its  branch  tube  to  a  long  condenser.  Into 
the  closed  flask  a  rapid  current  of  steam  was  passed,  which  served  the 
double  purpose  of  immediately  destroying  any  enzyme,  and  of  carrying 
through  the  condenser  any  volatile  product  present  in  the  plant.  In 
the  distillate  of  the  plant  thus  obtained  we  never  found  prussic  acid, 
either  with  young  /Sorghum  vulgare  or  Lotus  arabicus. 

It  therefore  appears  that,  like  Lotus  arabicus,  the  poisonous  effects  of 
the  young  dhurra  are  due  to  the  presence  of  a  glucoside,  which  yields 
prussic  acid  under  the  influence  of  an  enzyme  also  present  in  the 
plant. 

Extraction  of  the  Glucoside  (Dhurrin). 

The  finely-powdered  plant  was  extracted  with  alcohol,  the  solvent 
distilled  off  and  the  residue  warmed  with  water  until  nothing  more 
dissolved. 

To  this  liquid  aqueous  lead  acetate  was  added  so  long  as  a  precipitate 
formed.  The  precipitate  (lead  tannate,  etc.)  was  removed.  The  filtrate, 
which  was  now  bright  yellow,  was  treated  with  sulphuretted  hydrogen, 
care  being  taken  to  avoid  a  large  excess,  and  the  lead  sulphide  was 
removed  by  filtration.  A  stream  of  air  was  then  drawn  through  the 
liquid  to  remove  hydrogen  sulphide,  and  the  solution  evaporated  in  a 
vacuum.  After  several  weeks  the  syrup  deposited  a  small  quantity  of 
a  crystalline  substance,  and  more  was  obtained  by  adding  small 
quantities  of  alcohol  and  dissolving  the  mixture  of  precipitated  sugar 
and  glucoside  in  a  little  water,  and  setting  aside  to  crystallise  as  before. 
This  process  was  very  tedious,  and  the  two  following  methods  have 
been  since  found  to  yield  the  glucoside  much  more  rapidly. 

A.  The  liquid,  after  the  hydrogen  sulphide  treatment,  is  evaporated 
in  a  vacuum  to  a  convenient  volume,  and  the  amount  of  free  sugar 
determined  with  Fehling's  solution.     A  little  more  than  the  calculated 
quantity  of  phenylhydrazine  necessary  to  convert  this  amount  of  sugar 
into  the  osazone  is  then  added,  and  the  mixture  heated  for  30  minutes 
at  100°  C.,  filtered,  and  the  filtrate  shaken  with  ether  to  remove  any 
excess  of  phenylhydrazine.     On  evaporation  in  a  vacuum  the  residue 
generally  solidified  to  a  mass  of  crystals,  which  were  easily  purified  by 
recrystallisation  from  alcohol.     The  method  always  involves  the  loss  of 
some  of  the  glucoside,  and  cannot  be  employed  in  the  isolation  of  small 
quantities. 

B.  The    second    method,  which    is    the    more   effective,  consists   in 
evaporating  in  a  vacuum  the  extract  left  after  the  lead   acetate  and 
hydrogen  sulphide  treatment  with  sufficient  purified  animal  charcoal  to 
convert  the  whole  into  a  powder,  which  is  then  exposed  in  a  vacuous 
desiccator  until  quite  dry,  when  it  is  extracted  in  a  Soxhlet  apparatus 
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with  dry  acetic  ether.  This  solvent  slowly  removes  the  glucoside, 
leaving  behind  nearly  all  dextrose  and  brown  extractive  matter.  On 
distilling  off  the  solvent  a  syrupy  residue  is  left,  which  if  necessary 
is  again  treated  in  the  same  manner ;  usually,  however,  it  crystallises 
after  standing  in  a  vacuum  over  sulphuric  acid  for  a  few  days.  The 
substance  may  be  recrystallised  from  hot  alcohol  or  boiling  water. 

The  glucoside  crystallises  from  water  in  brilliant  leaflets,  and  from 
alcohol  in  small,  transparent,  rectangular  prisms.  It  has  no  definite 
melting  point,  becoming  brown  when  heated  much  beyond  100D,  and 
decomposing  completely  at  200=.  It  is  easily  soluble  in  hot  alcohol, 
hot  acetic  ether  and  boiling  water,  separating  in  crystals  on  cooling. 
It  is.  however,  retained  in  solution  by  aqueous  solutions  of  dextrose,  a 
peculiarity  which  accounts  for  the  great  difficulty  we  at  first  experienced 
in  isolating  it  from  the  plant. 

It  appears  to  contain  water  of  crystallisation,  since  it  loses  weight 
when  heated  for  some  time  in  a  water  oven,  but  the  amount  cannot  be 
accurately  determined  owing  to  the  decomposition  which  occurs  when 
the  substance  is  heated  near  100°. 

Some  trouble  was  met  with  in  obtaining  the  material  in  a  satisfactory 
state  for  analysis  owing  to  the  difficulty  of  removing  the  water  of 
crystallisation  without  causing  decomposition. 

The  following  combustions  were  made — 

A.  Material  recrystallised  from  alcohol  and  dried  until  of  constant 
weight  in  a  vacuous  desiccator  over  sulphuric  acid. 

•0961  gram  gave  -1887  gram  CO.,.  C  =  53-6  per  cent. 

•0572     „      H.,6.  H=     6-5 

•13S5     „         „     -2698     „      CO.,.  C  =  53-1 

•0885     „      H.,6.  H  .  7-07 

B.  Material  recrystallised    from  water  and    dried  at   the  ordinary 
atmospheric  temperature  on  filter  paper. 

•1260  gram  gave  -2323  gram  CO.,.     C  =  50-29  per  cent. 
•0736     „      H,6.   H  =     6-42 

C.  Material  recrystallised  from  alcohol  and    dried  in  a  current  of 
warm  air  at  80°  to  90    C. 

•1021  gram  gave  -2051  gram  CO.,.     C  =  54'7  per  cent. 

•0452     „      H.,6.    H  =     4-9 

C14H17O7N,C.,H5OH  requires  C~53-7,    H  G'44  per  cent. 
CUH1707N,H.,0  „  M-l,    H5-8 

C14H17O7X  „        C  54-0,    H  5-5 

C20H,701.,X  „        C  50-74,  H  5-7 
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The  glucoside,  therefore,  has  the  composition  represented  by  the 
formula  C14H17O7N,  but  when  crystallised  from  alcohol  or  water  the 
crystals  which  separate  contain  one  molecular  proportion  of  these 
solvents. 

For  the  glucoside  thus  isolated  from  Egyptian  Dhurra  we  propose 
the  name  dhurrin. 

Hydrolysis  of  Dhurrin  by  acids.     Formation  of  Prussic  Acid, 
Parahydroxybenzaldehyde  and  Dextrose. 

When  an  aqueous  solution  of  dhurrin  is  warmed  on  the  water  bath 
with  dilute  hydrochloric  acid,  hydrocyanic  acid  is  almost  immediately 
evolved.  If  the  heating  is  continued  for  some  time,  the  liquid  becomes 
considerably  discoloured  owing  to  the  further  action  of  the  acid  upon 
the  products  of  hydrolysis.  In  addition  to  prussic  acid,  a  sugar  and  a 
substance  soluble  in  ether  are  produced. 

Parahydroxybenzaldehyde . 

About  2  grams  of  the  dhurrin  were  dissolved  in  50  cub.  centims. 
of  distilled  water,  and  to  the  solution  10  cub.  centims.  of  dilute  hydro- 
chloric acid  were  added,  and  the  mixture  heated  on  the  water  bath  for 
five  minutes.  The  liquid  was  then  extracted  with  ether  and  the  ethereal 
solution  dried  and  distilled.  The  residue  was  a  brownish  oil  which,  on 
standing,  solidified  to  a  mass  of  rosettes  of  needles.  The  crystals  were 
dissolved  in  a  small  quantity  of  hot  water,  the  solution  filtered  to 
remove  resin,  and  cooled,  when  the  substance  separated  in  almost 
colourless  needles,  which  could  be  picked  out  from  a  small  quantity 
of  the  brown  resin  still  adhering  to  them.  After  a  second  recrystallisa- 
tion  the  melting  point  remained  unchanged  at  118°.  The  substance 
is  soluble  in  hot  water,  alcohol  and  ether.  In  aqueous  solutions  ferric 
chloride  produces  a  purple  coloration,  and  bromine  water  a  white 
precipitate,  which  becomes  crystalline  on  standing ;  phenylhydrazine 
produces  an  immediate  crystalline  precipitate.  When  heated  in  a  dry 
test- tube  the  substance  melts  and  sublimes  in  needles  on  the  cooler 
parts  of  the  tube ;  the  vapour  has  a  pleasant  aromatic  odour. 

A  combustion  of  the  purified  material,  dried  at  100°,  gave  the 
following  results — 

•1267  gram  gave  -3196  gram  CO2.     C  =  68'7  per  cent. 

•0529     „      H26.    H  -  5-13 
C7H6O2  requires  C  68'8,  H  4-91. 

The  substance  has  therefore  the  composition  of  parahydroxybenz- 
aldehyde. 
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Owing  to  the  small  amount  of  material  available,  the  action  of 
bromine  on  this  compound  could  only  be  studied  by  the  addition  of 
9  of  bromine  water  to  dilute  solutions  of  the  substance,  a  method 
of  investigation  which,  as  the  sequel  shows,  gave  rise  to  rather 
unexpected  results.  Under  these  conditions  an  amorphous  precipitate 
is  formed  which  soon  crystallises  in  colourless  needles,  forming  after 
recrystallisation  from  alcohol  felted  masses  of  needles  melting  at  92°, 
and  having  all  the  properties  of  tribromphenol. 

"When  a  saturated  aqueous  solution  of  phenylhydrazine  is  added  to  a 
similar  solution  of  the  substance,  a  crystalline  hych-azone  is  immediately 
formed,  which  is  insoluble  in  ether  and  chloroform,  but  soluble  in  hot 
alcohol.  By  operating  in  dilute  solutions,  a  well-crystallised  product  is 
obtained,  melting  at  178  .  It  crystallises  from  hot  alcohol  in  white 
needles  which,  on  drying  at  100:,  become  slightly  green. 

A  combustion  of  the  hydrazone  gave  the  following  result — 

•1117  gram  gave  -3018  gram  CO.,.     C  =  73'6  per  cent. 

•0613     „      H0O.    H  =  6-07        „ 
C6H4(OH)CH:N-NHC6H5  requires  C  73-52,  H  5-6. 

The  ether-soluble  hydrolytic  product  of  dhurrin  is  therefore  un- 
doubtedly parahydroxybenzaldehyde,  which  melts  at  118°,  gives  a 
purple  colour  with  ferric  chloride,  and  forms  a-  colourless  hydrazone 
melting  at  178°. 

The  occurrence  of  tribromphenol  amongst  the  products  obtained  by 
brominating  parahydroxybenzaldehyde  has  been  observed  by  Werner 
(Bull.,  46,  278),  but  it  does  not  appear  to  have  been  previously  noticed 
that,  by  using  bromine  water  and  dilute  aqueous  solutions  of  the 
aldehyde,  the  latter  is  converted  almost  exclusively  into  tribromphenol. 
This  result  was  confirmed  with  a  specimen  of  the  aldehyde  prepared 
from  phenol  and  carefully  purified  from  all  traces  of  the  latter. 

C6H4(OH)CHO  +  H2O  +  4Br2  =  C6H2Br3OH  +  5HBr  +  CO2. 

Dextrose. 

The  acid  liquid,  after  removal  of  the  parahydroxybenzaldehyde,  was 
mixed  with  powdered  animal  charcoal,  warmed  for  several  hours,  and 
filtered.  It  was  slightly  yellow,  but  was  sufficiently  transparent  for 
observation  in  a  polarimeter,  when  it  showed  a  marked  dextro-rotation. 
It  was  next  heated  with  phenylhydrazine  for  an  hour  on  the  water 
bath,  and  the  separated  osazone  collected  and  recrystallised  from  hot 
alcohol,  when  the  characteristic  bright  yellow  needles  of  glucosazone 
melting  at  204°  were  obtained.  The  sugar  produced  is  therefore 
d-glucose,  that  is,  ordinary  dextrose. 
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The  Hydrolysis  of  Dhurrin  and  its  Chemical  Constitution. 

Hydrolysis  of  Dhurrin  by  Emulsin.  —  About  1  gram  of  the 
glucoside  was  dissolved  in  cold  water,  and  a  filtered  extract  of  sweet 
almonds  added,  the  mixture  being  then  set  aside  for  twelve  hours  at 
the  ordinary  temperature.  After  a  few  minutes  the  odour  of  hydro- 
cyanic acid  was  perceptible,  and  at  the  end  of  the  experiment  over  90 
per  cent,  of  the  possible  quantity  of  parahydroxybenzaldehyde  was 
obtained.  This  method  of  hydrolysing  the  glucoside  is  to  be  preferred 
to  that  involving  the  use  of  acids,  since  the  aldehyde  produced  is  more 
easily  purified. 

The  quantitative  determination  of  the  acid  hydrolytic  products  of 
dhurrin  appeared  to  afford  a  method  of  confirming  the  formula  assigned 
to  this  glucoside  from  the  results  of  combustion,  which  are  perhaps 
not  completely  satisfactory  owing  to  the  difficulty  of  obtaining  the 
substance  anhydrous  without  decomposing  it.  Attempts  were  there- 
fore made  to  determine  the  amounts  of  hydrocyanic  acid  and  dextrose 
produced  on  hydrolysis.  For  this  purpose  a  weighed  quantity  of 
dhurrin  dissolved  in  water  was  placed  in  a  small  Jena  flask,  and 
sufficient  dilute  (10  per  cent.)  hydrochloric  acid  added. 

The  flask  was  then  corked,  secured  by  wire  and  heated  in  a 
water  bath  for  five  minutes.  In  this  way  complete  hydrolysis  is 
secured  without  much  secondary  decomposition.  The  prussic  acid 
formed  was  distilled  off  in  a  gentle  current  of  steam,  collected  in 
alkali  and  titrated.  The  sugar  in  the  residue  was  estimated  gravi- 
metrically  by  reduction  of  Fehling's  solution. 

N 
•156  gram  gave  a  distillate  requiring  2'58  cub.  centims.  —  silver 

nitrate  =  8-9  per  cent.  HCN. 

•1702  gram  cuprous  oxide  =  '085  gram  dextrose  =  54'5  per  cent. 
CUH17O7N  requires  8-6  per  cent.  HCN  and  57-1  per  cent,  dextrose. 
C20H27012N      „        6-01       „         HCN  and  801 

The  formula  CUH17O7N  for  dhurrin  is  therefore  confirmed,  and  the 
hydrolysis  of  dhurrin  by  emulsin,  or  by  dilute  acid,  may  be  expressed 
by  the  equation  C14H17O7N  +  H2O  =  C7H0O2  +  C6H12O6  +  HCN. 

Alkaline  Hydrolysis  of  Dhurrin,  Dhurrinic  Acid. — When  the 
glucoside  is  warmed  with  aqueous  alkalis,  it  dissolves,  with  the 
evolution  of  ammonia,  but  no  dextrose  is  formed.  On  evaporation  the 
solution  leaves  a  sticky  hygroscopic  residue  which  cannot  be  induced 
to  crystallise. 

When  the  hydrolysis  is  carried  out  in  alcoholic  solution  by  adding 
a  solution  of  sodium  in  absolute  alcohol  to  a  similar  solution  of  the 
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glucoside,  a  precipitate  forms  after  a  few  minutes,  consisting  of  the 
sodium  salt  of  the  acid  corresponding  to  dhurrin,  which  is  its  nitrile. 
This  acid  may  therefore  be  called  dhurrinic  acid.  The  sodium  salt  is 
highly  hygroscopic,  it  absorbs  moisture  and  becomes  gummy  when 
removed  from  the  dry  alcohol,  and  is  therefore  difficult  to  free  com- 
pletely from  the  accompanying  sodium  carbonate.  The  free  acid  is 
almost  more  intractable  than  the  sodium  salt,  and,  so  far,  has  only 
been  obtained  as  a  syrup  containing  sodium  chloride.  Recourse  was 
therefore  had  to  an  examination  of  its  decomposition  products  in  order 
to  establish  its  constitution. 

Hydrolysis  of  Dhurrinic  Acid. — A  quantity  of  the  crude  sodium 
salt,  prepared  as  above  described,  was  dissolved  in  water  and  dilute 
hydrochloric  acid  added.  The  mixture  was  heated  on  the  water  bath 
for  an  hour,  and  when  cold  extracted  several  times  with  ether.  The 
ethereal  solution  was  dried  and  the  solvent  removed  by  distillation, 
leaving  a  brown  oil,  which  after  several  days  deposited  minute  trans- 
parent needles.  These  were  dried  by  absorption  of  the  viscous  mother 
liquid  in  a  porous  tile. 

The  substance  thus  obtained  is  at  first  colourless,  but  in  a  few  days 
becomes  slightly  brown.  It  is  soluble  in  boiling  water,  alcohol,  and 
ether,  and  after  recrystallisation  melts  at  180".  With  ferric  chloride 
in  aqueous  solution  it  gives  a  slight  brown  coloration,  and  with 
bromine  water  a  precipitate,  which  after  recrystallisation  from  alcohol 
melts  at  185°. 

The  acid  liquid  after  extraction  with  ether  strongly  reduces  Fehling's 
solution,  and  therefore  probably  contains  dextrose. 

The  yield  of  the  crystalline  hydrolytic  product  furnished  by  the 
hydrolysis  of  dhurrinic  acid  is  so  small  that  sufficient  material  for 
analysis  and  identification  could  not  be  obtained.  A  small  quantity 
of  the  acid  was  converted  into  silver  salt,  and  a  weighed  quantity  of 
the  latter  ignited,  with  the  following  result — 

•1058  gram  gave  -0399  Ag  =  38-65  per  cent, ;  C3H7O4Ag 
requires  39-05  per  cent. 

It  seemed  highly  probable  that  the  alkaline  hydrolysis  of  dhurrin 
with  the  formation  of  dhurrinic  acid,  and  the  decomposition  of  the 
latter  by  dilute  acids,  might  be  strictly  comparable  with  the  similar 
reactions  of  amygdalin,  which,  when  hydrolysed  by  alkalis,  furnishes 
amygdalic  acid,  this  acid  by  heating  with  dilute  acids  being  hydrolysed 
into  mandelic  acid  and  dextrose. 

Amygdalic  acid  and  Mandelic  acid  +  2  mols. 

Amygdalin.  ammonia.  dextrose. 

C20H2TNOU     .     .     C20H28013  +  NH,     .     .     CSH8O3  +  2C6H1,O6. 

II.  K 
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Dhurrinic  acid  and  Parahydroxymandelic  acid 

Dhurrin.  ammonia.  +  1  mol.  dextrose. 

C14H1707N      .     .     C14H1809   +NH3    .     .     C8H804  +  C6H1206- 

On  this  analogy  the  crystalline  hydrolytic  product  of  dhurrinic  acid 
would  be  parahydroxymandelic  acid.  We  have  established  the  identity 
of  the  two  substances  by  comparing  the  hydrolytic  product  with  para- 
hydroxymandelic acid  prepared  by  the  hydrolysis  of  the  cyanhydrin  of 
parahydroxybenzaldehyde. 

As  parahydroxymandelic  acid  is  now  prepared  for  the  first  time,  the 
following  outline  of  the  process  employed  may  be  given. 

Preparation  of  Parahydroxymandelic  Acid. — Ten  grams  of  para- 
hydroxybenzaldehyde were  dissolved  in  50  cub.  centims.  of  boiling 
water,  and  30  grams  of  potassium  cyanide  added  to  the  solution, 
which  was  then  cooled  in  a  freezing  mixture  and  50  cub.  centims.  of 
strong  hydrochloric  acid  gradually  added,  the  whole  being  set  aside  for 
about  twelve  hours.  The  mixture  was  extracted  with  ether,  the  latter 
being  allowed  to  spontaneously  evaporate,  leaving  an  oily  residue, 
which  was  mixed  with  20  cub.  centims.  of  strong  hydrochloric  acid 
and  sufficient  alcohol  to  keep  it  in  solution.  This  mixture  was  boiled 
for  three  hours,  neutralised  with  sodium  carbonate,  filtered  from  the 
large  quantity  of  resin  formed,  and  extracted  with  ether  in  order  to 
remove  unaltered  aldehyde.  The  residual  liquid  was  then  made  acid 
with  dilute  sulphuric  acid  and  extracted  with  ether  until  exhausted. 
The  solvent  was  then  distilled  off,  the  oily  residue  boiled  with  water, 
to  which  a  little  animal  charcoal  had  been  added,  and  the  filtered 
solution  evaporated  in  a  vacuum.  After  several  days  rosettes  of 
needles  appeared  in  the  oily  residue,  and  these  after  recrystallisation 
from  alcohol  melted  at  180°,  and  further  resembled  the  acid  obtained 
from  dhurrin  in  giving  a  brown  coloration  with  ferric  chloride,  and  a 
crystalline  bromine  derivative  melting  at  185°. 

The  yield  of  parahydroxymandelic  acid  furnished  by  the  process 
described  above  is  only  about  1  per  cent.,  as  this  acid  is  readily 
converted  by  hydrochloric  acid  into  a  resin  dissolving  in  alcohol  with 
a  fine  purple  colour.  The  cyanhydrin  of  parahydroxybenzaldehyde  is 
also  very  unstable,  being  easily  hydrolysed  by  water  into  prussic  acid 
and  the  aldehyde,  so  that  in  each  experiment  about  50  per  cent,  of  the 
latter  is  regenerated.  Attempts  were  made  to  utilise  anisaldehyde 
cyanhydrin  for  the  preparation  of  the  acid,  but  although  this  sub- 
stance is  somewhat  more  stable  than  its  lower  homologue,  a  con- 
siderable loss  occurs  in  decomposing  the  methoxy-mandelic  acid  first 
formed. 

A  small  quantity  of  the  silver  salt  prepared  from  the  acid  obtained 
as  described  above  gave  the  following  results  on  analysis — 
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•1286  gram  gave  -1642  gram  CO.,.     C  =  34-83  per  cent. 

•0308     „     H26.    H  =     2-67       „ 
•1286  gram  gave  a  residue  of  silver  weighing  -0506  gram  = 

39-35  per  cent. 
CsHTO4Ag  requires  C  34-9,  H  2-48,  Ag  39-09  per  cent. 

The  properties  and  reactions  of  dhurrin,  as  described  in  the  fore- 
going paragraphs,  may  for  convenience  be  summarised  as  follows  — 
(1)  The  glucoside  is  hydrolysed  by  emulsin   and  dilute   acids  into 

benzaldehyde,  hydrocyanic  acid,  and  dextrose. 
_     It  is  decomposed  hydrolytically  by  alkalis  into  dhurrinic  acid 

and  ammonia. 
(3)  Dhurrinic  acid  is  hydrolysed  by  dilute  acids  into  parahydroxy- 

mandelic  acid  and  dextrose. 

These  reactions  we  believe  are  fully  accounted  for  by  assigning  to 
dhurrin  the  constitution  of  a  dextrose  ether  of  the  cyanhydrin  of 
parahydroxybenzaldehyde,  which  may  be  represented  by  the  formula 
given  below — 

/\ 


CH/aC'H'A 

/\ 

/O  ;  C6HU05 

/\ 

CH.O.C6HnO5 
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Dhurrin  Hydrolysis    by   acids    and  Hydrolysis      by     alkalis 

emulsin    (prussic    acid,  (dhurrinic    acid    and 

dextrose,  parahydroxy-  ammonia), 

benzaldehyde). 

Dhurrin  is  therefore  the  parahydroxy-derivative  of  the  glucoside 
of  mandelic  nitrile  which  was  prepared  by  Fischer  by  the  partial 
hydrolysis  of  amygdalin  with  invertase,  and  resembles  this  glucoside  in 
the  ease  with  which  it  undergoes  hydrolysis  by  emulsin.  It  is  the  first 
member  of  the  class  of  dextrose  ethers  (glucosides)  of  cyanhydrins 
which  has  so  far  been  found  in  nature,  amygdalin  and  lotusin  being 
maltose  derivatives. 


The  Enzyme  of  Sorghum  vulgare. 

In  the  introduction  to  this  paper  attention  has  been  drawn  to  the 
fact  that  the  plant  when  moistened  with  cold  water  evolves  hydro- 
cyanic acid,  whilst  it  no  longer  does  so  after  exposure  to  a  temperature 
of  100°,  nor  is  the  acid  formed  when  the  plant  is  placed  in  boiling 
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water.  These  results  point  to  the  presence  in  the  plant  of  an  enzyme, 
destroyed  by  heat,  which  has  the  power  of  hydrolysing  dhurrin.  This 
enzyme  was  isolated  by  extracting  the  finely-ground  plant  with  cold 
water,  and  evaporating  the  extract  so  obtained  in  a  vacuous  desiccator 
over  quicklime  to  remove  as  much  hydrocyanic  acid  as  possible.  The 
activity  of  this  extract  was  then  tested  by  the  addition  of  small 
quantities  to  solutions  of  amygdalin,  salicin  and  dhurrin,  these 
experiments  being  controlled  by  the  addition  of  boiled  and  filtered 
dhurra  extract  to  similar  solutions  of  these  glucosides. 

In  all  three  cases  the  glucoside  was  quickly  hydrolysed,  the  formation 
of  benzaldehyde,  saligenin,  and  parahydroxybenzaldehyde  respectively 
being  recognised  by  the  usual  tests  for  these  substances.  Comparative 
experiments  in  which  the  action  of  an  extract  of  sweet  almonds  was 
tried  side  by  side  with  the  dhurra  enzyme  on  the  same  glucosides, 
showed  that  the  two  extracts  behaved  in  precisely  the  same  way. 
Similar  preparations  made  by  precipitating  aqueous  extracts  of  sweet 
almonds  and  dhurra  with  alcohol  and  by  precipitating  calcium  phos- 
phate in  such  extracts,  showed  no  difference  of  activity  in  effecting 
the  hydrolysis  of  salicin.  The  glucosidolytic  enzyme  of  Sorghum 
vulgare  therefore  performs  the  same  functions  as  the  enzyme  emulsin 
which  occurs  in  sweet  almonds,  and  in  the  present  state  of  our 
knowledge  of  the  chemistry  of  enzymes,  the  two  substances  may 
provisionally  be  regarded  as  identical. 

The  Cyanogenetic  Constituents  of  Plants. 

Besides  lotusin  and  dhurrin,  the  glucosides  we  have  isolated  from 
young  plants  of  Lotus  arabicus  and  Sorghum  vulgare  respectively, 
only  one  other  cyanogenetic  glucoside  is  definitely  known,  that  is,  the 
amygdalin  derived  from  bitter  almonds,  which,  however,  is  found  in 
the  seeds  of  the  plant. 

The  results  of  our  investigations  have  rendered  it  probable  that  the 
production  of  prussic  acid  in  a  number  of  other  plants  may  be  associ- 
ated with  the  presence  of  cyanogenetic  glucosides.  Moreover,  the 
question  of  the  occurrence  of  prussic  acid,  and  the  part  played  by  it 
in  vegetable  metabolism,  involves  problems  of  the  first  importance  in 
vegetable  ph}^siology,  with  which  we  intend  to  deal  when  we  have 
obtained  a  further  insight  into  the  nature  of  other  cyanogenetic 
glucosides  now  under  investigation.  So  far  as  Lotus  arabicus  and 
Sorghum  vulgare  are  concerned,  it  would  appear  that  the  existence  of 
a  cyanogenetic  glucoside  in  the  young  plant  up  to  the  period  when  the 
seeds  ripen  at  any  rate  may  serve  as  an  important  protection  to  the 
plant  from  the  attacks  of  animals.  It  appears  that  animals,  indigenous 
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to  the  countries  in  which  these  plants  are  native,  refuse  to  eat  them 
in  the  earlier  and  poisonous  stages  of  growth.  The  part  played  by 
the  glucoside  in  the  general  metabolism  of  these  plants  and  the  origin 
and  fate  of  the  cyanogenetic  group  still  remain  to  be  ascertained. 
The  temporary  presence  in  a  plant  of  a  considerable  quantity  of  a 
cyanogenetic  glucoside,  together  with  an  enzyme  capable  of  decom- 
posing it,  appears  to  us  to  be  a  fact  which  must  have  an  important 
biological  meaning. 

A-  so  much  interest  attaches  to  the  subject  from  several  points  of 
view,  we  are  engaged  in  investigating  the  constituents  of  other  plants 
which  furnish  prussic  acid.  Among  them  we  may  mention  Phaseolus 
luiiatus  (seeds),  Lotus  austral  I?,  Manihot  utilissima,  and  L'nui.m 
usitatigfimum,  as  well  as  a  number  of  little-known  plants  derived  from 
the  Colonies  which  have  proved  to  be  poisonous  to  cattle,  some  of 
which  may  contain  cyanogenetic  glucosides.  From  the  chemical  point 
of  view  it  is  important,  in  the  first  instance,  to  isolate  these  glucosides 
and  to  ascertain  their  properties,  composition,  and  molecular  structure. 
This  work  we  have  now  accomplished  with  the  glucosides  of  Lotus 
arabicus  and  Sorghum  mitffare,  which  are  shown  to  be  radically 
different  in  chemical  constitution,  whilst  each  belongs  to  a  type 
chemically  distinct  from  that  of  amygdalin,  the  only  naturally 
occurring  cyanogenetic  glucoside  hitherto  definitely  known. 


A  Chemical  Investigation  of  the  Constituents  of  Afr 

and  Austral ><      S       larac  Rains* 

By  THOMAS  ANDERSON  HENRY. 
I.    DISCUSSION   OF   PREVIOUS   INVESTIGATION-. 

THE  sandarac  of  commerce  is  derived  from  the  plant  C  all  it  r  is  qv.adri- 
valvia  which  occurs  in  the  plant  family  Cupressineat,  a  subdivision  of 
the  Conifers.  Like  most  plants  of  this  order,  the  various  species  of 
CaUitris  secrete  an  oleo-resin,  which  at  certain  seasons  of  the  year 
exudes  from  the  stem  and  by  evaporation  of  a  portion  of  its  contained 
volatile  matter  forms  small  hard  masses  of  resin  technically  known  as 
'•tears."  It  is  in  this  form  that  sandarac  occurs  in  commerce,  the 
"  tears  "  being  long  and  narrow,  having  a  glassy  fracture  and  a  pun- 

1 A  thesis  accepted  for  the  degree  of  Doctor  of  Science  of  London  University. 
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gent,  aromatic,  and  slightly  bitter  taste.  The  resin  is  employed  in  the 
manufacture  of  some  of  the  finer  kinds  of  spirit  varnishes,  and  in  the 
form  of  a  powder  for  dusting  on  the  surface  of  parchment  to  increase 
its  absorptive  power  for  ink. 

There  also  appears  on  the  market  from  time  to  time  a  similar  resin, 
which,  since  it  is  exported  from  Australia,  is  commonly  known  as 
"  white  pine  resin,"  or  "  Australian  sandarac."  This  substance  is  the 
natural  exudation  product  of  Callitris  verrucosa  and  differs  from  the 
common  sandarac  chiefly  in  the  larger  size  of  its  "tears"  and  its 
smaller  solubility  in  alcohol. 

It  was  with  the  object  of  comparing  the  constituents  of  these  two 
resins  that  the  present  investigation  was  undertaken  at  the  suggestion 
of  Professor  W.  R.  Dunstan,  F.R.S.,  Director  of  the  Scientific  Depart- 
ment of  the  Imperial  Institute. 

The  chemical  constituents  of  the  resins  of  the  various  species  of 
Pinus  have  been  the  subject  of  many  investigations,  but  the  less 
known  members  of  the  Coniferas  have  been  somewhat  neglected  in 
this  respect,  so  that  the  literature  of  the  present  subject  is  meagre. 

The  first  important  paper  dealing  with  the  chemistry  of  sandarac  is 
that  of  Johnston  (Phil.  Trans.,  1839,  239),  who  asserts  that  the  resin 
contains  three  acids  differing  in  their  solubilities  in  alcohol  and  in 
those  of  their  potassium  salts  in  alcoholic  potash.  These  acids  were 
isolated  in  the  following  way.  The  resin  was  exhausted  with  alcohol, 
leaving  an  insoluble,  yellow,  amorphous  powder,  soluble  in  ether  and 
having  a  composition  represented  by  the  formula  C40H31O5.  This  the 
author  calls  A  resin.  The  alcoholic  extract  was  then  treated  with 
solid  potash,  whereby  an  insoluble  potassium  salt  was  obtained.  This, 
on  solution  in  water  and  addition  of  hydrochloric  acid,  gave  B 
resin,  which  is  similar  in  appearance  to  A  resin,  but  is  soluble  in 
alcohol  and  has  a  composition  represented  by  the  formula  C40H31O6. 
The  portion  soluble  in  alcoholic  potash  gave,  on  regeneration  with 
acids,  a  mixture  of  two  resins,  of  which  one,  soluble  in  alcohol  and  on 
combustion  giving  numbers  corresponding  with  the  formula  C40H3006, 
is  named  C  resin ;  while  the  other,  insoluble  in  alcohol,  is  regarded  as 
identical  with  A.  No  attempts  were  made  by  the  author  to  crys- 
tallise these  substances,  nor  were  any  well-defined  derivatives  obtained 
from  them. 

The  only  other  paper  of  interest  is  that  of  Tschirch  and  Balzer 
(Archiv  der  Pharm.,  1896, 291).  These  authors  adopted  a  slight  modifica- 
tion of  Johnston's  method  for  the  separation  of  the  constituents,  i.  e. 
they  dissolved  the  resin  in  aqueous  potash  and  to  this  solution  added 
solid  potash,  so  precipitating  an  insoluble  potassium  salt  from  which 
was  regenerated  by  solution  in  water  and  addition  of  hydrochloric 
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acid  an  amorphous  resin  which  was  named  sandaracoUc  acid.  This 
substance  was  said  to  be  obtained  in  a  crystalline  condition  by  allowing 
its  alcoholic  solution  to  stand  for  a  long  time.  The  crystals  melted 
at  140=  C.,  and  on  combustion  numbers  were  obtained  agreeing  with 
those  required  by  the  formula  C45H60O7.  The  molecular  weight  was 
determined  by  Raoult's  freezing-point  method,  and  the  curious  results 
obtained  by  the  authors  are  tabulated  below.  In  calculating  M  from 
the  experimental  data,  evidently  some  arithmetical  error  has  been 
made  by  the  authors,  as  is  shown  by  the  recalculated  values  of  M  given 
in  the  tabular  statement — 


Weight  of 
solvent  used 
(phenol). 

Weight  of 
substance  used. 

Depression  of 
freezing  point. 

Molecular 
weight  calcu- 
lated by  Tschirch 
and  Balzer. 

Molecular 
weight 
recalculated. 

28-85 

•255                    1=                                660 

65 

25102 

•200 

•49= 

645 

120 

26-10 

•260 

•1-2- 

690 

638 

-  requires  718. 


Such  arithmetical  errors  constantly  occur  throughout  the  paper, 
and  will  be  pointed  out  as  they  arise.  By  titration  experiments  with 
normal  potash,  the  authors  find  that  this  acid  is  monobasic,  yet  they 
assign  without  comment  to  the  copper  salt,  obtained  by  double  decom- 
position between  copper  sulphate  and  the  sodium  salt,  a  formula 
representing  it  as  that  of  a  dibasic  acid,  viz.,  C45Hd4O7Cu.  The 
silver  salt  was  also  prepared  by  the  addition  of  excess  of  ammonia 
to  sandaracolic  acid  and  the  further  addition  of  ammoniacal  silvernitrate 
solution.  On  standing  for  some  weeks,  this  solution  deposited  a  precipi- 
tate which  was  found  to  contain  12'84:  percent,  of  silver.  C45H65O7Ag 
requires  13  per  cent.  By  the  action  of  acetic  and  benzoic  anhydrides, 
monacetyl  and  monobenzoyl  derivatives  respectively  were  obtained, 
but  only  in  an  amorphous  condition.  By  the  action  of  hydriodic  acid 
in  Zeisel's  apparatus,  evidence  of  the  existence  of  a  methoxyl  group  in 
the  acid  was  obtained,  while  oxidation  with  nitric  acid  gave  picric  and 
oxalic  acids.  Fusion  with  potash  gave  a  substance"  resembling  resor- 
cinol.  From  the  potassium  salt  soluble  in  excess  of  potash  was  isolated, 
by  the  addition  of  hydrochloric  acid,  a  second  resin,  to  which  the 
name  callitrolic  acid  was  given.  This  acid  was  with  difficulty  obtained 
in  a  crystalline  condition  by  conversion  into  its  amorphous  lead  salt 
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and  regeneration  by  sulphuretted  hydrogen.  The  crystallised  acid 
melted  at  248°  C.,  and,  on  combustion,  the  following  results  were 
obtained — 

•1274  gram  gave  -3634  gram  C02.  C  =  7779  per  cent. 

•099        „     H()O.  H=  8-63 

•1424         „  -4050     „     CO0.  C  =  77-58 

•1076     „     H2O.  H=   8-30 

C65Hg4O8  requires,  according  to  the  authors'  calculations — 

0  =  77-3   percent. 
H=  8-43       „ 

In  reality,  this  formula  requires — 

C  =  78-6   per  cent. 
H=   8-4 

and  the  results  obtained  by  the  authors  are  better  represented  by  the 
formula  C62H80O8,  where 

C  =78-15  per  cent. 

H=   8-40       „ 

The  molecular  weight  was  determined  by  the  freezing-point  method, 
and  found  to  agree  with  that  required  by  the  formula  C65H84O8.  The 
same  carelessness  in  calculation  is  shown  here  ;  thus  22-14  grams  of 
phenol,  containing  -331  gram  of  the  acid,  gave  a  depression  -12°  C. 
According  to  the  authors,  this  corresponds  to  a  molecular  weight  952 ; 
in  reality,  the  calculated  value  is  921,  but  this  is  sufficiently  near  that 
required  by  the  formula  CC5H84O8  to  be  within  experimental  error. 
Callitrolic  acid  was  also  found  to  be  monobasic,  yet  the  authors  assign 
to  its  copper  salt  the  formula  C^.Hg^OgCu,  which  is  that  of  a  dibasic 
acid.  Further,  they  find  that  this  copper  salt  gives  5'73  per  cent,  of 
copper,  while  that  required  by  the  above  formula  is  5*97  per  cent. 
On  subjecting  the  crude  resin  to  steam  distillation,  a  quantity  of  a 
brown  oil  having  an  odour  of  pine  trees  was  obtained,  but  was  not 
further  examined.  Since  the  appearance  of  the  above  paper,  Tschirch, 
in  a  note  appended  to  a  paper  on  another  subject,  mentions  that  he  has 
isolated  from  sandarac  a  new  crystalline  acid,  by  shaking  an  ethereal 
solution  of  the  resin  with  sodium  carbonate  (Dieterich,  Analyse  der 
Harze,  Berlin,  1900),  but  no  further  information  regarding  this  acid 
has  been  published. 

It  will  be  convenient  to  include  in  this  account  of  previous  work 
on  this  subject  a  short  resume  of  the  work  so  far  accomplished  on 
pine  resins,  since,  as  will  be  seen  later,  the  constituents  of  sandarac 
bring  it  into  close  relation  with  this  class.  The  resins  of  the  various 
species  of  Pinus  occur  as  oleo-resins  in  special  glands  lying  in  the 
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stems  of  these  trees.  When  an  incision  is  made  in  the  stem  of  such  a 
plant,  this  oleo-resin  flows  out  in  the  form  of  a  viscous  liquid  known 
as  turpentine,  which,  on  distillation,  yields  a  residue  of  colophony  or 
common  resin  and  a  distillate  of  oil  of  turpentine.  In  collecting 
turpentine,  a  portion  is  always  lost  owing  to  its  adhesion  to  the  stem 
of  the  tree,  where  it  hardens  by  evaporation  of  its  volatile  oil,  forming 
"tears,"  which,  when  scraped  off,  constitute  the  substance  variously 
known  in  pharmacy  as  "  thus,"  "  frankincense "  (American),  and 
"  galipot "  (French).  The  colophony  of  commerce  is  of  two  kinds, 
French  and  American,  the  former  being  derived  from  the  Finn* 
rnaritima,  growing  abundantly  along  the  coasts  of  Southern  France, 
and  the  latter  from  Pinu.*  pina.-tter.  of  the  forests  of  the  western  coast 
of  the  United  States  of  America. 

From  commercial  colophony  there  have  been  isolated  by  various 
workers,  sylric,  syfvinic.  isfcyf vin »V.  pimaric,  pinic,  and  abietic  acids, 
but  the  researches  of  Lieberniann  (Berichte,  17,  1884),  Haller  (Ber., 
18,  2165),  Maly  (Ann.  Chem.  Pharm..  149,  115,  161,  244),  and  espe- 
cially of  Mach  (Jfonatshej'te,  14,  186 ;  15,  627),  show  clearly  that  most 
of  these  substances  are  merely  impure  forms  of  abietic  acid.  Mach 
examined  a  large  number  of  specimens  of  American  and  French 
colophony  and  of  "galipot,"  and  in  each  case  he  was  only  able  to  iso- 
late abittii:  acid,  Cl  ,H.,-O.,.  On  the  other  hand,  Vesterberg,  in  his 
researches  on  the  constituents  of  "  colophonium  de  Bordeaux "  (Her., 
13,  3331  ;  19,  2167 ;  20,  3251),  found  that  this  resin  contained  two 
isomeric  crystalline  acids  of  the  formula  C00H30O.1?  to  which  he  gave 
the  names  de-rtro-  and  lasob-jnmaric  '-i.^ids.  While  Mach  could  not  ob- 
tain these  substances  from  the  Bordeaux  colophony  now  obtainable 
in  commerce,  he  was  able  by  an  examination  of  a  specimen  of  dextro- 
pimaric  acid  supplied  to  him  by  Vesterberg  to  confirm  the  results  of 
the  latter. 

These  results  are  perhaps  best  explained  on  the  assumption  that 
American  colophony  has,  in  English  and  German  commerce,  almost 
replaced  the  French  product,  while  the  American  "  thus  '  is  now 
commonly  sold  in  place  of  "galipot." 

In  a  more  recent  investigation  of  Bordeaux  turpentine  by  Tscbirch 
and  Bruenig  (Cheni.  Central.,  1900,  1270)  it  was  found  that  this 
resin  contains  two  crystalline  acids,  pimarinic  acid  (m.  p.  114°-118°) 
and  pimaric  acid.  The  latter,  isolated  by  treating  the  resin  with  soda 
solution,  was  optically  inactive,  while  the  pimaric  acid,  isolated  by 
crystallisation  from  alcohol  from  a  specimen  of  Bordeaux  colophony, 
was  strongly  laevorotatory.  The  optical  inactivity  of  the  first- 
mentioned  specimen  of  acid  is  accounted  for  by  the  authors  on  the  as- 
sumption that  racemisation  occurs  with  the  conversion  into  the  sodium 
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salt.  These  results  are  in  direct  opposition  to  those  of  previous 
workers  —  thus,  Vesterberg  used  the  sodium  salts  of  dextro-  and  Isevo- 
pimaric  acids  as  a  means  of  isolating  and  purifying  these  substances, 
and  the  products  so  obtained  were  optically  active.  Further,  it  should 
be  pointed  out  that,  although  the  authors  give  a  certain  amount  of 
evidence  for  the  statement  that  pimarinic  acid  is  a  new  substance, 
they  content  themselves  as  regards  pimaric  acid  with  the  assertion 
that  they  obtained  it,  and  give  no  details  as  to  how  they  identified  it. 
Since  no  account  of  an  inactive  pimaric  acid  has,  so  far,  appeared  in 
chemical  literature,  it  is  curious  that  no  attempt  was  made  to  charac- 
terise this  substance  when  opportunity  offered. 

Attention  should  also  be  drawn  to  the  work  of  Bruylants  on  the 
destructive  distillation  of  colophony  (Berichte,  8,  1463  ;  11,  447).  This 
author  obtained  in  this  way  ethylene,  propylene  and  amylene,  and  by 
the  destructive  distillation  of  calcium  pimarate  (Trans.  Acad.  Boy. 
Sciences  £elg.,  61  and  62),  similar  compounds,  together  with  methyl 
ethyl  ketone,  diethyl  ketone,  toluene,  dimethyl  benzene,  terebene,  and 
diterebene.  He  infers  from  these  observations  that  the  constitution 
of  pimaric  acid  may  be  represented  by  the  following  formula  — 


C6H6-CH3 
C2H4-COOH 

which  is  that  of  a  carboxyl  derivative  of  a  diterpene. 

In  a  similar  manner,  Bischoff  and  Nastvogel  (£er.,  23,  1921)  ob- 
tained, by  destructively  distilling  colophony  in  a  vacuum,  an  oily 
hydrocarbon  boiling  at  216°-225°  C.,  and  a  volatile  resin  to  which 
they  give  the  name  isosylvinic  anhydride,  since,  on  treatment  with 
sodium  hydroxide,  it  gave  the  sodium  salt  of  an  acid  isomeric  with 
sylvinic  acid,  C.,0H30O0.  To  the  oily  hydrocarbon,  which  they  re- 
garded as  identical  with  the  colophene  of  Deville  (Ann.  Chim.  Phys., 
1840,  75,  37)  and  Riban  (Ann.  Ch.,  [v],  6,  40),  they  ascribe  the  fol- 
lowing constitution,  which  is  that  of  a  diterpene  ;  while  they  further 
represent  isosylvinic  acid  as  a  carboxy-derivative  of  colophene  and  the 
anhydride  as  formed  by  the  condensation  of  two  molecules  of  the  acid  : 

CH3   CH,-CH  VH2~nH 

CH—  CH"   C-CH,  CoH/CHf   C-CH, 

ill3  3    7  i          i         3 

CH3   CH—  CH  CH—  CH 

CH—  CH  CH—  CH 

CH3-C        CH-C3H7  COOH-C        CH'C3H7 
CH—  CH2  CH—  CH2 

Colophene.  Isosylvinic  acid. 
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It  will  be  seen  that  this  formula  closely  resembles  that  suggested 
by  Bruylants.  Similar  evidence  of  the  aromatic  character  of  the 
nucleus  of  the  acid  of  colophony  is  given  by  Ciainician,  who  ob- 
tained by  distillation  of  this  resin  with  zinc  dust  (Berichte,  11,  269) 
such  substances  as  toluene,  naphthalene,  methyl  naphthalene,  and 
methyl  anthracene.  Further,  "Wallach  and  Rheindorff  (Liebig's 
Ani'-'.len,  271,  285)  find  that  colophony,  on  destructive  distillation, 
yields  pinene  and  dipentene. 

II.  EXPERIMENTAL. 
Extraction  of  the  Volatile  Oil. 

The  crude  resin  was  dissolved  in  alcohol  and  the  solution  made 
alkaline  by  the  addition  of  alcoholic  potash  in  slight  excess.  The 
alcohol  was  then  removed  by  distillation,  the  residual  semi-solid 
mixture  of  potassium  salts  dissolved  in  water,  and  the  solution  shaken 
out  with  ether.  Preliminary  experiments  having  shown  that  the 
volatile  oil  of  the  plant  consisted  only  of  hydrocarbons,  the  ethereal 
solution  so  obtained  was  next  dried  over  solid  potash,  which  removed, 
besides  water,  a  small  amount  of  resinous  matter.  The  ether  was 
then  removed  by  distillation,  and  the  residue  fractionally  distilled.  In 
general  it  was  separated  into  three  portions,  having  the  following  range 
of  boiling  points:  150a-180°  C.,  180 -I'L'LI  C.,  and  220°-280°  C. 
From  the  first  of  these  a  large  fraction  boiling  from  150°-160°  C. 
could  be  obtained,  which  on  redistillation  over  metallic  sodium  gave 
a  portion  boiling  from  1 02 '-159'  C.  The  fraction  180°-220°  C. 
evidently  was  a  mixture,  but  it  was  found  impossible  to  get  even 
a  partial  separation  of  its  constituents,  since  on  distillation  the 
temperature  rose  fairly  rapidly  and  regularly  between  the  two  limits 
mentioned.  The  fraction  220:-280",  on  rectification  over  metallic 
sodium,  came  over  mostly  from  260'-28CT  as  a  slightly  viscous, 
colourless  oil,  having  an  odour  faintly  recalling  that  of  peppermint. 
With  the  small  quantities  of  volatile  oil  obtainable,  it  was  impractic- 
able to  attempt  by  further  fractionation  to  obtain  purer  products 
than  these  two  fractions.  Their  examination  was  therefore  pro- 
ceeded with. 

Fraction  boiling  between  1  159°  C. 

This  fraction  was  a  colourless  liquid  with  a  pleasant  pine  odour. 
Its  relative  density  at  15'  C.  compared  with  water  at  this  tempera- 
ture was  -8588  [pinene  -8586]. 

Determinations   of   the   optical    activity  of    the  fraction   in  a  100 
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mm.  tube  with  a  Laurent's  po]arimeter,  using  sodium  light,  gave  the 
following  result  as  a  mean  of  ten  observations,  +18°  27'. 
Hence  the  specific  rotation  — 

18°  27' 

=    +21°  30'. 


Action  of  Nitrosyl  Chloride.  —  To  a  few  cubic  centimetres  of  the 
fraction  the  same  quantity  of  amyl  nitrite  was  added,  and  sufficient 
glacial  acetic  acid  to  form  a  clear  solution,  which  was  then  cooled  by 
immersion  in  a  mixture  of  sodium  sulphate  and  hydrochloric  acid. 
To  the  solution  was  added,  drop  by  drop,  strong  hydrochloric  acid  so 
long  as  a  blue  colour  was  produced,  which  disappeared  on  cooling  and 
shaking.  After  a  few  minutes  a  crop  of  crystals  separated.  These 
were  removed  by  nitration  and  recrystallised  by  addition  of  methyl 
alcohol  to  their  chloroformic  solution.  The  substance  so  obtained 
formed  silky  masses  of  minute  needles,  melting  at  103°  C.  when 
heated  slowly.  For  purposes  of  comparison,  a  specimen  of  pinene 
nitrosyl  chloride  was  prepared  from  commercial  turpentine  by  the 
method  described  above.  This  presented  a  similar  appearance  to  that 
obtained  from  sandarac  oil,  and  it  melted  at  the  same  temperature 
under  the  same  conditions. 

Preparation  of  the  Nitrol-pijjeride.  —  The  nitrosyl  chloride  of  the 
hydrocarbon  was  dissolved  in  a  little  alcohol,  and  a  slight  excess  of 
piperidine  was  added  to  the  solution,  which  was  then  warmed  on  the 
water-bath  for  a  few  minutes.  To  the  mixture  water  was  added, 
causing  the  precipitation  of  a  heavy,  oily  liquid.  The  excess  of  water 
was  poured  off,  and  the  oil  dissolved  in  alcohol  and  set  aside.  After 
several  days  a  small  quantity  of  a  substance  crystallising  in  long 
needles  and  melting  at  118°  C.,  after  recrystallisation  from  alcohol, 
was  obtained.  A  specimen  of  pinene  nitrol-piperide,  obtained  in  like 
manner  from  pinene  nitrosylchloride,  melted  at  118°  C. 

The  lower  boiling  fraction  of  sandarac  oil  is  therefore  composed 
chiefly  of  dextropinene. 

Fraction  boiling  between  260°  and  280°  C. 

This  portion  of  the  volatile  oil  is,  when  freshly  distilled  over  metallic 
sodium,  a  colourless,  somewhat  viscous  liquid,  but  on  standing  it  slowly 
assumes  a  greenish  colour  and  shows  slight  signs  of  resinification. 

From  its  boiling  point  and  general  behaviour  it  was  apparently  a 
sesquiterpene  or  a  diterpene,  and  further  examination  showed  the  latter 
supposition  was  most  probably  correct. 

Its  relative  density  at  15°  C.  was  -9386. 
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The  oil  is  dextrorotatory.  A  determination  of  the  specific  rotation 
in  a  100  mm.  tube  in  a  Laurent's  half -shadow  polarimeter,  using  sodium 
light,  gave  as  the  mean  of  ten  observations  +  51°  42'. 

Hence  the  specific  rotation — 

.    or  42' 
M*"  ^9386"  =+00' 

The  refractive  index  was  determined  by  means  of  an  Abbe  refracto- 
meter  and  gave  as  the  mean  of  ten  observations — 

p.  =  1-5215. 

On  combustion  in  a  stream  of  oxygen  over  cupric  oxide,  the  follow- 
ing result  was  obtained — 

•1237  gram  gave  '400  gram  CO0.     C  =  88'l  per  cent. 
•128      „      H26.    H  =  ll-4       „ 
C.,0H30  requires  C  =  88- 3  per  cent. 
H  =  ll-7        „ 

A  determination  of  the  vapour  density  by  Victor  Meyer's  method, 
using  anthracene  vapour  as  the  heating  agent,  gave  the  following 
result — 

•1415  gram  gave  13  c.c.  at  21"  C.  and  756  mm. 
Hence  the  molecular  weight  =  262. 
C,,,H32  requires  27i'. 

Ethereal  solutions  of  this  hydrocarbon  do  not  absorb  hydrochloric 
acid  gas,  but  they  decolorise  bromine  with  evolution  of  hydrobromic 
acid. 

A  satisfactory  bromine  derivative  has  not  been  obtained,  the  product 
being  an  oil  which  does  not  crystallise  from  solvents  nor  become 
crystalline  when  kept  at  low  temperatures.  On  heating,  even  in  a 
vacuum,  it  decomposes,  giving  resinous  products,  so  that  no  method 
has  been  found  of  obtaining  it  in  a  pure  state. 

The  hydrocarbon  does  not  combine  with  either  nitrosyl  chloride  or 
nitrogen  trioxide.  In  several  attempts  to  prepare  such  derivatives  by 
the  usual  methods  no  combination  occurred,  and  the  unaltered  sub- 
stance was  recovered  at  the  end  of  the  experiments. 

On  adding  strong  sulphuric  acid,  drop  by  drop,  to  a  solution  of  the 
hydrocarbon  in  glacial  acetic  acid,  a  deep  violet  colour  is  produced 
which  disappears  on  warming. 

The  physical  constants  of  this  oil  show  that  it  does  not  belong  to 
the  class  of  sesquiterpenes.  but  probably  to  the  diterpenes.  The 
properties  of  the  latter  class  of  substances  are  so  far  but  imperfectly 
known.  The  constants  given  in  the  following  table  are  those  ascribed 
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to  the  few  diterpenes  which  have  been  isolated.  For  convenience  of 
comparison  the  constants  usually  characteristic  of  the  sesquiterpenes 
are  also  added — 


Relative 

density. 

Vapour 
density. 

Refractive 
index. 

B.-pt. 

Action  of  HC1 
gas. 

Sesquiterpenes    . 

•9001--918 

7-23 

1-501 

240°-260° 

Forms    addition 

products. 

Diterpenes  . 

•938 

9-6 

260°-315° 

No  action. 

Sandarac   hj-dro- 

carbon     . 

•9386 

9-28 

1-5215 

270°-280° 

No  action. 

It  will  be  seen  on  comparing  the  constants  of  these  various  bodies 
as  given  in  the  table  that  the  characters  of  the  high  boiling  hydro- 
carbon of  sandarac  oil  are  in  general  agreement  with  those  of  the 
diterpenes  and  that  it  must  be  regarded  as  a  member  of  this  class 
of  compounds. 

Inactive  Pimaric  Acid. 

The  mixture  of  potassium  salts  of  the  resin  acids,  after  treatment 
with  ether  for  the  removal  of  the  volatile  oil,  was  warmed  to  remove 
the  dissolved  ether,  and  to  the  aqueous  solution  a  20  per  cent,  solution 
of  potash  was  added  until  no  further  precipitation  occurred.  The 
slimy  precipitate  rapidly  settled  to  a  semi-solid  mass,  from  which  the 
supernatant  liquid  could  be  readily  poured  off.  The  precipitated 
potassium  salt  was  then  dissolved  in  water,  strong  hydrochloric  acid 
added  in  excess,  and  the  semi-solid  mixture  poured  upon  a  calico  filter, 
washed  free  from  acid,  and  dried  in  a  current  of  warm  air.  When 
quite  free  from  moisture,  it  was  treated  with  90  per  cent,  alcohol, 
when  it  was  found  that  a  considerable  portion  of  the  resin  was  no 
longer  soluble  in  that  medium.  The  insoluble  matter  was  filtered  out, 
the  filtrate  made  alkaline  with  alcoholic  potash,  and  the  solvent  re- 
moved by  distillation.  With  the  residue,  the  precipitation  of  the 
potassium  salt  and  the  regeneration  of  the  resin  as  already  described 
was  repeated  until  a  resin  quite  soluble  in  alcohol  was  obtained.  If 
to  this  alcoholic  solution  of  the  purified  resin  sufficient  water  be  added 
to  produce  a  slight  turbidity  and  the  mixture  be  set  aside  for  several 
days  a  crop  of  crystals  is  obtained  which  when  recrystallised  melt  at 
171°  C.  It  was  found  more  expeditious,  however,  to  proceed  in  the 
following  way.  The  alcoholic  solution  of  the  resin  was  treated  with 
alcoholic  soda  and  the  solvent  removed  by  distillation,  The  residual 
sodium  salt  was  dissolved  in  water  and  sufficient  10  per  cent,  aqueous 

\ 
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sodium  hydroxide  added  to  cause  a  considerable  precipitate  to  form. 
This  mixture  was  then  warmed  on  the  water-bath  until  solution 
occurred.  On  cooling  a  precipitate  of  the  sodium  salt  slowly  formed, 
which,  when  examined  by  aid  of  a  lens,  was  found  to  consist  of 
minute  needles.  This  sodium  salt  can  be  recrystallised  in  the  same 
way. 

From  this  recrystallised  salt  the  acid  was  then  obtained  by  adding 
hydrochloric  acid  to  its  aqueous  solution,  filtering  out  the  precipitate, 
and  after  washing  and  drying  it,  dissolving  in  alcohol  and  adding 
sufficient  distilled  water  to  render  the  solution  faintly  turbid.  From 
this  solution  there  separated  in  a  few  hours  a  colourless,  crystalline 
substance  which,  after  recrystallising  once  or  twice  in  the  same  manner, 
melted  constantly  at  1713  C. 

The  pure  substance  can  also  be  prepared  without  the  intervention 
of  the  sodium  salt  by  taking  the  purified  resin  left  after  removal  of 
the  alcohol  by  distillation  and  distilling  at  a  pressure  of  10-20  mm. 
of  mercury.  Under  these  conditions,  the  residue  distils  easily  and  the 
temperature  rises  rapidly  to  265'  (11  mm.  pressure)  and  remains  con- 
stant until  the  whole  has  passed  over,  condensing  at  first  as  a  white, 
crystalline  sublimate,  and  later,  owing  to  the  increasing  temperature  of 
the  receiver,  as  a  very  viscous  resin.  A  little  care  has  to  be  exercised 
in  carrying  out  this  operation,  as  the  solid  acid  is  rather  liable  to  block 
up  the  exit  tube  of  the  flask  from  which  it  is  being  distilled.  The 
distillate  obtained  is  at  ordinary  temperatures  a  vitreous,  yellowish 
solid  which  can  be  left  for  months  without  showing  signs  of  crystallisa- 
tion. If,  however,  a  little  70  per  cent,  alcohol  be  added  to  it,  crystals 
immediately  begin  to  form  round  the  edges  and  the  whole  mass  be- 
comes warm  and  crystallises  rapidly.  On  recrystallisation,  this  acid 
melts  at  171r  C.  and  is  in  every  way  similar  to  that  obtained  by  the 
first-mentioned  method.  It  crystallises  in  spreading  rosettes  of  flat- 
tened needles.  It  is  soluble  in  alcohol,  ether,  chloroform,  and  acetone, 
insoluble  in  water  and  petroleum,  and  slowly  dissolves  when  warmed 
with  aqueous  alkaline  solutions.  When  a  little  is  dissolved  in  a  few 
drops  of  chloroform  and  about  one  cubic  centimetre  of  acetic  anhydr- 
ide added,  the  addition  of  a  drop  of  strong  sulphuric  acid  causes  the 
formation  of  a  transient  pink  coloration.  This  reaction  is  a  convenient 
means  of  distinguishing  the  acid  from  abietic  acid,  which  gives, 
under  the  same  conditions,  a  deep  purple  colour  fading  into  olive 
green. 

The  crystalline  acid  prepared  in  any  of  the  three  ways  described  is 
not  optically  active  in  alcoholic  solution. 

Combustions  of  the  substance  dried  at  100°  C.  gave  the  following 
results — 
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•1280  gram  gave  -374  gram  CO.2.     C  =  79-6  per  cent. 
•1083  „      H9O.   H=   9-3 

•1638         „          -4745  „     CO2.     C  =  78-9 
•1413  „     H2O.    H=    9-5 
C00H30O2  requires  C  =  79-4  per  cent. 
H=   9-9 

Combustions  of  the  non-crystalline  distillate  were  also  made  in  order 
to  ascertain  whether  this  body  might  not  be  the  pimaric  anhydride 
which  has  been  asserted  to  exist. 

•1647  gram  gave  -4792  gram  CO2.    C  =  79'41  per  cent. 
•1497     „     H2O.   H=   9-96 
C40H58O3  requires  C  =  81-9  per  cent. 

H=    9'8 

C20H30O2  requires  C  =  79-47       „ 
H=   9-9        „ 

This  result  shows  that  the  distillate  is  merely  pimaric  acid  in  an 
amorphous  form. 

The  basicity  of  the  acid  was  determined  by  titration  of  the  alcoholic 
solution  of  the  acid  with  decinormal  soda,  using  phenolphthalein  as 
indicator. 

Jf 

•0902  gram  required  3*5  c.c.  —  NaHO.     NaHO  =  -0118  gram. 

whence  40  grams  NaHO  neutralise  301  grams  of  acid. 

C20H3002  =  302. 

Salts  of  Inactive  Pimaric  Acid. — The  sodium  and  potassium  salts 
are  easily  obtained  by  boiling  the  acid  with  excess  of  solution  of  the 
alkali.  On  cooling,  the  salt  crystallises  out  in  microscopic  needles. 

The  silver  salt  was  prepared  by  the  addition  of  silver  nitrate  solu- 
tion to  an  aqueous  solution  of  the  sodium  salt  of  t-pimaric  acid.  This 
salt  is  an  amorphous,  white  powder  which  is  only  slowly  affected  by 
light,  showing  merely  a  slight  purple  coloration  even  after  several 
weeks'  exposure. 

•0445  gram  gave  '0117  gram  Ag.     Ag  =  26'2  per  cent. 
•1454         „  -0384         „  Ag  =  26-3         „ 

C20H29O2Ag  requires  Ag  =  26-4  per  cent. 

Ethyl  Ester. — When  the  silver  salt  of  pimaric  acid  is  added  to  ethyl 
iodide,  a  deep  purple-red  solution  is  formed,  which  becomes  colourless 
on  addition  of  alcohol,  silver  iodide  being  precipitated.  The  residue 
left  after  removal  of  the  solvent  cannot  be  crystallised  but  can  be 
distilled  at  280°-285°  C.  at  a  pressure  of  11-12  mm.  of  mercury.  It 
is  a  slightly  yellowish,  hard  resin. 
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Comparison  of  Abietic  and  Inactive  Pimaric  Acids. 

As  considerable  difficulty  has  been  found  by  previous  workers  in 
distinguishing  between  abietic  and  dextro-  and  laevo-pimaric  acids,  it 
was  thought  advisable  to  prepare  specimens  of  abietic  and  8-pimaric 
acids  for  comparison  with  the  acid  obtained  from  sandarac  resin. 

Abietic  acid  was  easily  obtained  by  the  solution  of  colophony, 
derived  from  Pinus  excelsa  grown  in  India,  in  90  per  cent,  alcohol  and 
the  addition  of  sufficient  water  to  render  the  solution  turbid.  After  a 
few  days  a  large  crop  of  colourless  crystals  was  obtained.  These  were 
recrystallised  in  the  same  way  and  the  recrystallisation  repeated  until 
the  substance  had  a  constant  melting  point  161°  C.  [melting  point  of 
abietic  acid  152"  (Mach),  165°  (Maly)].  The  substance  crystallises 
when  pure  in  broad  laminae,  which  are  colourless  and  possess  a  brilliant 
lustre. 

The  sodium  salt  was  prepared  by  neutralisation  of  an  alcoholic 
solution  of  the  acid  with  normal  soda.  To  the  liquid  so  obtained 
sufficient  normal  soda  solution  was  added  to  precipitate  the  sodium  salt, 
which  was  then  collected,  dried,  and  recrystallised  from  dilute  soda, 
forming  masses  of  minute  needles. 

The  silver  salt  was  prepared  from  the  latter  by  double  decomposition 
in  the  usual  manner.  It  is  a  white,  amorphous  substance.  On  analysis, 
it  gave  the  following  result — 

•0564  gram  gave  -0158  Ag.     Ag  =  28-01  per  cent. 

C19H07O0Ag  requires  Ag  =  27'4  per  cent. 
C20H"o9°2Ag       »        Ag  =  26-22       „ 

As  has  already  been  pointed  out,  Mach,  in  his  recent  investigation 
of  the  pine  resins,  showed  that  it  was  not  possible  to  isolate  from  the 
"  galipot  "  or  French  colophony  of  commerce  2-pirnaric  acid.  Recourse 
was  therefore  had  in  the  present  instance  to  Burgundy  pitch,  which  is 
generally  supposed  to  be  made  from  the  oleo-resin  of  Pinus  maritima, 
but  from  three  specimens  examined  only  one  and  the  same  acid  melting 
at  161°  C.,  identical  in  all  respects  with  that  obtained  from  the  resin 
of  Pinus  excel  so-,  could  be  isolated ;  thus  the  silver  salt,  prepared  as 
already  described,  gave  the  following  result  on  analysis — 

•046  gram  gave  on  ignition  -0126  gram  Ag.     Ag  =  27-39  per  cent. 

C19H.,TO0Ag  requiresAg  =  27'4  per  cent. 
H^CXAg       „       Ag  =  26-4 

The  attempt  to  prepare  S-pimaric  acid  was  therefore  abandoned. 
The  differences  between  the  pimaric  acid  isolated  from  sandarac  and 
abietic  acid  may  be  grouped  thus — 

II.  L 
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Inactive  Pimaric  Acid.  Abietic  Acid. 

Melts  at  171°  C.  Melts  at  161°  C. 

Is  optically  inactive.  Is  dextrorotatory  +  66°. 

Crystallises  in  needles.  Crystallises  in  laminae. 

Has  the  composition  C.,0H30O2.  Has  the  composition  C19H98O2. 

A  solution  in  chloroform  and  A  solution  in  chloroform  and 

acetic  anhydride  gives  a  pink  acetic  anhydride  gives  a  violet 

colour  with  concentrated  sul-  colour  fading  to  olive  green  with 

phuric  acid.  concentrated  sulphuric  acid. 

Distils  unchanged  at  265°  C.  Distils  unchanged  at  259°  C. 

(11  mm.  pressure).  (20  mm.  pressure). 

Action  of  Bromine. — When  a  chloroformic  solution  of  bfomine  is 
gradually  added  to  pimaric  acid  dissolved  in  the  same  solvent,  the 
bromine  is  absorbed,  and  no  hydrobromic  acid  is  formed  until  the 
equivalent  of  two  atoms  of  bromine  per  molecule  has  been  added.  On 
removing  the  chloroform  by  spontaneous  evaporation,  an  oily  body  is 
left,  which,  when  dissolved  in  hot  alcohol,  deposits  a  colourless,  granular 
bromine  derivative  on  cooling.  This  substance  has  so  far  resisted  all 
attempts  to  crystallise  it. 

The  acid  is  not  attacked  by  fused  potash.  After  heating  for  twenty 
minutes  at  200°  C.  a  considerable  proportion  of  the  acid  was  recovered 
unchanged,  while  only  resinous  products  were  formed  from  the 
remainder. 

Action  of  Hydriodic  Acid. — When  the  acid  is  heated  in  sealed  tubes 
at  200-210°  C.  for  four  hours  with  excess  of  fuming  hydriodic  acid,  it 
is  completely  reduced,  forming  an  oily  hydrocarbon.  The  reaction 
mixture  was  made  alkaline,  when  a  small  amount  of  iodoform  was 
precipitated.  The  mixture  was  then  shaken  with  ether,  the  ethereal 
solution  separated,  dried  over  solid  potash,  and  the  solvent  removed 
by  distillation.  The  brownish,  oily  residue  was  then  distilled  at 
11-12  mm.  pressure,  and  the  fraction  boiling  between  170°  and 
190°  C.,  constituting  about  ninety  per  cent,  of  the  whole,  collected. 
This  was  then  distilled  over  sodium,  and  after  repeating  this  treatment 
twice,  the  oil  boiled  almost  entirely  between  180°  and  185°  C.  at 
11  mm.  pressure.  It  forms  a  faintly  yellow,  oily  liquid  with  a  bluish 
fluorescence  and  an  odour  recalling  that  of  the  crude  higher  paraffins. 
It  is  optically  inactive,  rapidly  resinifies  on  exposure  to  air,  decolorises 
bromine  in  ethereal  solution,  and  does  not  absorb  hydrochloric  acid 
gas.  It  decomposes  slightly  when  distilled  under  atmospheric  pressure. 

On  combustion,  it  gave  the  following  result — 

•1237  gram  gave  -406  gram  CO2.      C  =88-9  per  cent. 
•128  H0O.     H  =  ll-5 
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C.10Hgo  requires  C  =  88'3  per  cent. 
H  =  ll-7      „ 

The  relative  density  at  15°  C.  =  -967. 

The  refractive  index  for  sodium  light  was  determined,  using  a  small, 
hollow  prism  of  refracting  angle  61 =  25'.  The  angle  of  minimum 
deviation  was  found  as  the  mean  of  ten  observations  to  be  40'  53'. 

Whence  /z=  1-5254. 

This  hydrocarbon  is  apparently  identical  or  isomeric  with  that 
obtained  by  Liebermann  (Be,:,  17,  1884),  Haller  (Ber.,  18,  2165), 
and  Yesterberg  (Ber.,  18,  3331  :  19,  2167),  by  reduction  of  the 
8-pimaric  acid  of  "  Bordeaux  colophony  "  with  hydriodic  acid.  It  was 
-ted  by  Liebermann,  who  assigned  to  it  the  formula  C.,0H3.,  or 
C  II ...  that  it  was  probably  identical  with  the  colophene  (or  colophene 
dihydride)  obtained  by  Deville  (Ann.  Chim.  Phys.,  1840,  75,  37)  by 
the  action  of  concentrated  sulphuric  acid  on  turpentine.  For  this 
substance,  the  name  "dicunphene,"  as  more  suitably  indicating  its 
origin,  has  since  been  suggested  by  Armstrong  and  Tilden  (Jo»rn. 
Chern.  Soc.,  1879,  733).  A  specimen  of  "colophene"  was  prepared  by 
the  addition  of  strong  sulphuric  acid  to  turpentine  in  the  proportion 
of  1:5.  The  volatile  hydrocarbons  were  removed,  as  recommended 
by  Armstrong  and  Tilden,  by  steam  distillation,  and  the  residual 
emulsion  shaken  with  ether  to  remove  the  colophene.  This  solution 
was  dried,  the  solvent  removed  in  the  usual  way,  and  the  residue 
distilled  in  vacuo  (10-14  mm.).  A  considerable  amount  of  hydro- 
carbon came  over  below  100:  C.  The  boiling  point  then  rose  rapidly 
to  190"  C.  and  remained  constant. 

The  portion  boiling  in  the  neighbourhood  of  190°  C.  (10-14  mm. 
was  collected  and  redistilled  over  metallic  sodium,  when  it 
boiled  constantly  at  190  C.  at  12  mm.  pressure.  This  distillate  is, 
however,  not  quite  pure,  as  it  always  has  a  slight  odour  of  camphene 
and  of  some  sulphur  compounds,  which  even  repeated  distillation  over 
sodium  fails  to  remove. 

On  redistillation,  a  few  drops  of  distillate  were  obtained  before  the 
temperature  became  constant  (206°  C.,  35  mm.  pressure),  but  the 
amount  was  not  more  than  '1  per  cent,  of  the  whole.  The  observations 
of  Armstrong  and  Tilden  (loc.  cit.)  seem  to  indicate  that  this  substance 
cannot  be  distilled  even  under  diminished  pressure,  but  there  seems 
to  be  no  difficulty  in  so  distilling  it  if  the  pressure  be  sufficiently 
diminished.  The  purified  substance  is  a  viscous,  slightly  yellowish  oil, 
having  a  camphoraceous  odour  which  becomes  somewhat  pungent  when 
warmed.  It  decomposes  slightly  when  heated  at  ordinary  pressure, 
but  is  not  decomposed^even  at  150=  C.  in  vacuous  sealed  tubes. 
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A  determination  of  the  relative  density  of  this  substance  at  15°  C. 
gave  the  following  result,  viz.,  -931. 

The  refractive  index  for  sodium  light  was  determined,  using  a  small, 
hollow  prism  of  refracting  angle  61°  25'.  The  angle  of  minimum 
deviation  was  found  as  the  mean  of  ten  observations  to  be  40°  49'. 

Hence  //,=  1%5136. 

A  comparison  of  the  properties  of  colophene  and  the  hydrocarbon 
obtained  by  the  reduction  of  pimaric  acid  shows  clearly  that  these  two 
substances  are  not  identical. 


Relative  density. 

Refractive  index. 

B.-pt.  at  11  mm. 
pressure. 

Colophene 
Sandarac  hydrocarbon     . 

•931 
•967 

1-5136 
1  -5254 

190°  C. 
180°-185°  C. 

Further,  colophene  is  only  slightly  volatile  with  steam,  while  the 
sandarac  hydrocarbon  can  easily  be  distilled  in  this  way.  The  new 
hydrocarbon  is  also  fluorescent,  while  colophene  does  not  possess  this 
property. 

Action  of  Nitric  Acid. — The  acid  is  but  slightly  attacked,  except 
by  hot  concentrated  nitric  acid,  when  it  is  converted  into  oxalic 
acid. 

Oxidation  by  Potassium  Permanganate.— When  solution  of  potassium 
permanganate  is  added  to  an  aqueous  solution  of  the  sodium  salt  of 
pimaric  acid,  decolorisation  quickly  occurs.  •  The  addition  of  the 
reagent  was  continued  until  the  tint  remained  permanent  for  four 
hours.  The  solution  was  then  filtered  free  from  manganese  dioxide 
and  made  acid  by  the  addition  of  dilute  sulphuric  acid.  A  con- 
siderable amount  of  resin  was  precipitated  containing  some  unchanged 
acid.  The  precipitate  was  filtered  out,  and  the  filtrate  steam  dis- 
tilled. The  distillate  was  distinctly  acid.  It  was  neutralised  by 
addition  of  caustic  soda  solution  and  evaporated  to  a  small  bulk, 
and  silver  nitrate  solution  was  added  to  it.  After  a  few  minutes, 
a  crystalline  precipitate  formed.  This  was  collected  and  analysed, 
with  the  following  result — - 

•0105  gram  silver  salt  gave  -0067  gram  Ag.     Ag  =  63'8  per  cent. 
CHg'COOAg  requires  Ag  =  64'4  per  cent. 

The  volatile  acid  was  therefore  acetic  acid. 

The  liquid,  after  steam  distillation,  was  shaken  out  with  ether, 
the  ethereal  solution  separated,  dried  over  calcium  chloride,  and  the 
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solvent  distilled  off,  leaving  an  oily  residue,  which,  after  standing 
for  several  days  with  occasional  stirring,  deposited  a  small  quantity 
of  minute  needles.  This  substance  melted  at  260°,  gave  a  butf'- 
coloured  precipitate  of  a  bromo-compouiid  with  bromine  water,  and 
its  aqueous  solution  was  acid  to  litmus  paper.  A  sufficient  quantity 
of  this  substance  has  not  yet  been  obtained  for  its  complete  identification, 
but  its  properties  are  similar  to  those  of  trimellitic  acid  (m.  p.  262"), 
which  has  already  been  found  to  occur  among  the  oxidation  products 
of  crude  pine  resin. 

Callitrolic  Acid. 

This  is  the  name  given  by  Tschirch  and  Balzer  to  the  acid  whose 
potassium  salt  is  soluble  in  excess  of  an  aqueous  solution  of  potash,  but 
it  is  used  here  to  denote  the  second  resin  acid  of  sandarac. 

AVhen  the  strongly  alkaline  solution  of  the  potassium  salt  of  callitrolic 
acid,  obtained  during  the  isolation  of  pimaric  acid,  is  acidified  with 
concentrated  hydrochloric  acid,  almost  the  whole  of  the  resin  pre- 
cipitated is  insoluble  in  alcohol.  This  precipitate  was  boiled  with 
alcohol  until  nothing  more  dissolved,  and  then  treated  with  alcoholic- 
potash,  in  which  it  dissolved  completely.  The  solvent  was  removed  by 
distillation,  the  residue  dissolved  in  water,  and  more  potash  added. 
It  was  found  that  by  slowly  concentrating  this  liquid  the  potassium 
salt  could  be  precipitated  in  fractions,  the  later  fractions  being  nearly 
free  from  colour.  These  were  collected,  dried,  and  the  acid  regenerated 
by  addition  of  acetic  acid.  Many  attempts  were  made  to  crystallise 
this  substance  by  addition  of  water,  benzene,  petroleum,  etc.,  to  its 
solutions  in  alcohol  and  ether,  by  fractional  precipitation  and  by 
purification  through  the  lead  salt,  but  to  no  purpose. 

Attention  was  therefore  turned  to  the  preparation  of  derivatives,  in 
the  hope  that  they  might  be  more  easily  crystallised,  and  eventually 
a  crystalline  sodium  salt  was  obtained  by  dissolving  the  acid  in  absolute 
alcohol  and  adding  to  that  solution  alcohol  in  which  metallic  sodium 
had  been  dissolved.  In  this  way,  a  precipitate  of  the  sodium  salt  was 
obtained  in  the  form  of  microscopic  needles.  If,  however,  any  attempt 
was  made  to  remove  and  dry  this  salt,  it  absorbed  water  and  formed  a 
transparent  jelly,  even  if  the  whole  mixture  was  poured  on  a  porous 
tile  and  the  latter  at  once  placed  in  a  vacuous  desiccator  over  calcium 
chloride.  Experiments  made  with  other  salts  were  no  more  satisfactory, 
the  potassium  and  ammonium  salts  being  equally  deliquescent,  while 
salts  of  the  other  common  metals  are  amorphous. 

Action  of  Acids  oil  Aqueous  Solutions  of  the  Alkali  Salts  of  Callitrolic 
A cid.  —When  acids  are  added  to  aqueous  solutions  of  the  alkali  salts 
of  callitrolic  acid,  the  latter  is  set  free,  forming  a  yellowish  powder 
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which  may  be  either  completely  or  partially  insoluble  in  alcohol,  depend- 
ing on  the  concentration  of  the  acid  used  for  the  precipitation.  Thus, 
if  strong  hydrochloric  acid  be  used,  the  precipitate  is  almost  perfectly 
insoluble  in  absolute  alcohol,  while  if  only  a  ten  per  cent,  solution  of 
hydrochloric  acid  be  added,  a  mixture  of  a  soluble  and  an  insoluble 
resin  is  obtained,  and  if  acetic  acid  be  used  as  the  precipitating  agent, 
the  resin  obtained  is  almost  completely  soluble.  The  insoluble  resin 
dissolves  in  alcoholic  potash,  and  from  this  solution  there  can  be 
regenerated  by  acetic  acid  a  resin  soluble  in  alcohol.  The  obvious 
explanation  of  this  behaviour  is,  that  callitrolic  acid  is  a  hydroxy- 
acid,  unstable  in  the  presence  of  mineral  acids,  giving  up  a  molecule  of 
water  and  forming  a  lactone. 

This  lactone  is  insoluble  in  alcohol,  acetone,  ether,  chloroform, 
benzene,  and  petroleum ;  but  dissolves  in  hot  glacial  acetic  acid,  from 
which  it  is  deposited  on  cooling  as  a  granular  powder,  which  occasion- 
ally assumes  a  somewhat  crystalline  appearance,  but  has  never  been 
obtained  in  an  undoubtedly  ci-ystalline  condition.  If  the  lactone  be 
added  to  concentrated  alcoholic  solution  of  inactive  pimaric  acid,  it 
passes  into  solution,  and,  if  the  latter  be  diluted  with  alcohol,  is 
reprecipitated  as  a  white,  granular  powder. 

As  no  crystalline  derivative  of  callitrolic  acid,  except  the  unsatis- 
factory sodium  salt,  could  be  obtained,  it  was  thought  advisable  to 
prepare  specimens  of  the  insoluble  lactone  in  various  ways,  and  submit 
these  to  analysis.  These  specimens  of  lactone  were  prepared  by  the 
following  methods — 

(a)  By  precipitation  by  concentrated  hydrochloric  acid  from  a 
specimen  of  freshly-prepared  crystalline  sodium  salt. 

(6)  By  precipitation  from  alcoholic  solution  of  pimaric  acid,  the 
precipitate  being  washed  with  absolute  alcohol. 

(c)  By  precipitation  from  hot  glacial  acetic  acid  solutions. 

On  combustion,  the  following  results  were  obtained — 

Of  (a)  -2065  gram  gave  -5802  gram  CO2.      0  =  76'6  per  cent. 

•1747     „     H,O.    H  =    9-3 
Of  (1)  -2505    „         „      -6969      „     CO9.      C  =  76-09 

•2140      „     H96.    H  =     9-50       „ 
•1600    „         „     -4462      „      CO2.      C  =  76-06 

•1325      „     H0O.     H  =     9-20       „ 

Of  (c)  -2830    „         „      -7899      „     CO9.      C  -  76-14       „ 
•2415      „     H06.     H  =    9-40       „ 
•1798    „         „      -5080      „     CO2.      C  =  77-03       „ 
•1490      „     H26.     H  =    9-18       „ 
CoAHirO,  requires  C  =  76'6  per  cent. 
H  =  9-7 
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The  composition  of  callitrolic  acid  should  therefore  be  represented 
by  the  formula  C^H^Oj,  which  is  confirmed  by  a  large  number  of 
analyses  of  the  silver  salt  prepared  from  various  specimens  of  the 
lactone  through  the  intervention  of  the  sodium  and  potassium  salts. 

(a)  From  lactone  deposited  from  alcoholic  solutions  of  pimaric  acid  : 

•2322  gram  gave  '0377  gram  Ag.     Ag=  18'02  per  cent. 

(6)  By  solution  of  lactone,  from  acetic  acid,  in  alcoholic  potash  and 
precipitation  with  silver  nitrate — 

"40  gram  gave  '0981  gram  Ag.     Ag  =  17-7  per  cent. 
•4132  „         -0730      „    Ag.     Ag  -  17-66     „ 

(c)  By  solution  of  lactone,  from  acetic  acid,  in  alcoholic  potash  and 
fractionation  by  addition  of  excess  of  aqueous  potash,  the  fractions 
being  converted  into  silver  salt — 

•1061  gram  gave  -0200  gram  Ag.     Ag  =  18-09  per  cent. 
•1007         „  -0180    „      Ag.     Ag  =  17-80       „ 

C30H4TO5Ag  requires  Ag  =  18-14  per  cent. 

Although,  therefore,  the  composition  of  callitrolic  acid  cannot  at 
present  be  definitely  asserted  to  be  that  represented  by  the  formula 
C^H^Oj,  yet  it  is  improbable  that  it  is  far  removed  from  this. 

The  acid  and  its  lactone  are  unacted  upon  by  fused  potash,  and  hot 
fuming  nitric  acid.  With  the  latter  reagent,  the  resin  agglomerates 
into  a  semi-solid  mass  and  shows  no  sign  of  solution,  even  after 
warming  for  several  days  on  the  water-bath.  An  aqueous  solution  of 
the  sodium  salt  slowly  decolorises  potassium  permanganate,  but  the 
action  soon  stops  unless  the  solution  is  kept  hot.  This  is  the  only 
reaction,  so  far  found,  which  seems  likely  to  afford  a  method  of  attack- 
ing this  substance.  When  the  acid  or  lactone  is  heated  with  hydriodic 
acid  in  Zeisel's  apparatus,  no  methyl  iodide  is  formed.  The  acid  and 
it<  lactone  both  react  with  acetic  and  benzoic  anhydrides  with  the 
formation  of  insoluble  acidyl  compounds,  which  have  not  yet  been 
examined. 

Heating  in  Vacuo. — When  heated,  callitrolic  acid  is  completely 
decomposed,  giving  off  carbon  dioxide  and  an  oily  hydrocarbon,  and 
leaving  a  hard,  pitch-like  residue.  It  was  found  that  this  operation 
gave  a  better  yield  of  hydrocarbon  when  carried  out  under  diminished 
pressure  (360  mm.).  The  distillate  consists  of  a  viscous,  oily  liquid 
containing  a  little  water,  and  having  an  odour  of  acetic  acid.  It 
was  dissolved  in  ether,  and  the  ethereal  solution  shaken  out  with  dilute 
potash.  The  ethereal  portion  was  separated,  washed  with  water,  dried 
over  calcium  chloride,  and  the  solvent  distilled  off.  The  residue  was 
then  distilled,  almost  the  whole  passing  over  from  230-285°  C.  On 
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analysis  at  this  stage,  the  oil  was  found  to  contain  less  than  one  per 
cent,  of  oxygen,  so  that  it  was  evidently  a  hydrocarbon.  Its  further 
purification  was  therefore  conducted  by  distillation  over  metallic  sodium. 
The  final  product,  purified  in  this  way,  boiled  from  270-280°  C.,  was 
almost  colourless  when  freshly  prepared,  but  resinified  slightly  and 
became  greenish  on  keeping,  and  had  a  faint  odour  of  peppermint, 
especially  when  heated.  In  appearance  and  odour  it  closely  resembled 
the  diterpene  naturally  occurring  in  the  plant,  and  like  it  gave  a  purple 
coloration  when  concentrated  sulphuric  acid  was  added  to  its  solution 
in  acetic  acid. 

Its  relative  density  at  15°  was  '9303. 

The  hydrocarbon  is  optically  active.  Determinations  of  its  specific 
rotation  for  sodium  light,  using  a  100  mm.  tube  in  a  Laurent's  half- 
shadow  polarimeter,  fgave  as  the  mean  of  ten  concordant  determina- 
tions +  36°. 

Hence  the  specific  rotation. 

[a]D  =  +  38°  42'. 

The  refractive  index  was  determined  in  a  hollow  prism  of  refracting 
angle  61°  25',  which  when  filled  with  the  liquid  gave  a  minimum 
deviation  for  sodium  light  of  40°  47'. 

sin  51°  6' 

Hence  u.  =  -. — QA"  A  >>  =  1'5238. 
r      sm  30   42 

Combustions  of  this  hydrocarbon,  freshly  distilled  over  metallic 
sodium,  gave  the  following  results — 

•1581  gram  gave  -510    gram  CO9.    C  =  87-9  per  cent. 

•1615      „     H26.  H  =  11-1       „ 

•2243       „  -7269      „     CO.,.     C  =  88-3       „ 

•2270      „     H26.    H  =  11-2       „ 

C20H30  requires  C  =  88-23  per  cent. 

H  .  11-77     „ 

The  following  tabular  statement  of  the  properties  of  the  diterpene 
occurring  in  the  plant  and  that  obtained  by  destructive  distillation  of 
callitrolic  acid  shows  clearly  that  they  are  identical — 


B.  pt. 

Rel.  dens. 

Specific 
rotation. 

Composi- 
tion. 

Refractive 
index. 

Diterpene  occurring  in 
resin  .... 
Diterpene    from     calli- 
trolic acid. 

260°-280°C. 
270°-280°C. 

•9386 
•9303 

+  55° 
+  38°  42' 

kooH^ 

^20^-32 

1-5215 
1-5238 
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The  difference  in  the  optical  rotation  of  the  two  bodies  is  to  be 
accounted  for  by  the  production  of  both  dextro-  and  la?vo-forms  during 
the  destructive  distillation  of  the  callitrolic  acid. 


of  Callitris  Verrucosa. 

The  resin  of  this  plant  has  been  examined  in  the  way  already 
described  in  detail  in  the  foregoing  part  of  this  paper.  It  contains 
pinene  and  a  small  quantity  of  a  higher  boiling  constituent,  of  which 
sufficient  could  not  be  obtained  for  examination  from  the  small  amount 
of  ivsin  available.  The  resin  itself  is  composed  of  inactive  pimaric 
and  callitrolic  acids,  the  former  being  present  in  much  larger  quan- 
tity than  in  the  case  of  the  resin  of  CaUitris  quadrivalvia.  The  softness 
of  this  resin  is  due  to  the  greater  proportion  of  pinene  contained  in  it, 
which,  perhaps,  also  to  some  extent  affects  the  rapidity  of  its  solubility 
in  alcohol.  Since  the  constituents  of  the  two  resins  are  thus  shown 
to  be  identical  there  is  no  reason  why  the  Australian  resin  should  not 
be  used  for  commercial  purposes  as  well  as  the  African  sandarac. 

III.  GENERAL  CONCLUSION'S  AND  BEARINGS  OF  THE  PRESENT 
INVESTIGATION. 

Briefly  stated,  the  principal  results  obtained  in  the  course  of  the 
present  investigation  are  as  follows. 

It  is  shown  that  the  crude  resin  consists  of  a  mixture  of  resin  acids 
and  volatile  hydrocarbons.  The  latter  have  been  separated  into  higher 
and  lower  boiling  fractions  consisting  respectively  of  a  diterpene  and 
a  terpene.  The  former  has  so  far  resisted  all  attempts  to  prepare 
crystalline  derivatives  from  it.  It  does  not  form  addition  compounds 
with  nitrosyl  chloride  nor  with  the  nitrogen  oxides,  nor  does  it  absorb 
hydrochloric  acid  gas.  It  reacts  with  bromine,  but  only  with  the 
production  of  hydrobromic  acid.  This  lack  of  reactivity  is  character- 
istic of  the  diterpenes  so  far  as  these  bodies  have  been  examined.  The 
refractive  index,  relative  density  and  vapour  density  of  the  substance 
have  been  determined,  and  these  constants  are  in  general  agreement 
with  those  required  for  a  diterpene. 

The  lower  boiling  hydrocarbon  has  been  shown  to  have  a  boiling 
point  about  156°  C.  and  the  relative  density  -8588.  It  combines  with 
nitrosyl  chloride,  giving  a  crystalline  derivative  which,  when  pure, 
melts  at  103"  C.,  and  this  reacts  with  piperidine  to  form  a  nitrol- 
piperide  melting  at  118°  C.  The  hydrocarbon  is  dextro-rotatory.  In 
all  these  respects  it  resembles  dextropinene,  and  its  identity  with  this 
body  has  been  established  by  the  preparation  of  similar  derivatives 
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from  pinene  obtained  from  turpentine  and  careful  comparison  of  the 
properties  of  the  two  sets  of  compounds. 

Two  acids  have  been  isolated  from  sandarac  resin.  One  of  these 
has  been  obtained  as  a  well-crystallised,  colourless  substance,  melting 
at  171°  C.,  and  distilling  at  265°  C.  (11-12  mm.  pressure).  Crystalline 
sodium  and  potassium  salts  were  prepared,  and  from  these,  by  double 
decomposition,  the  silver  salt  was  made  and  analysed.  The  ethyl  ester 
was  obtained  by  distillation  in  a  vacuum  as  a  vitreous  resin,  having  a 
slightly  yellow  colour.  The  acid  was  found  to  have  the  composition 
represented  by  the  formula  C.20H30O2,  and  to  be  monobasic.  It  has 
been  carefully  compared  with  abiotic  acid  specially  prepared  from  colo- 
phony, and  shown  to  differ  in  melting  point,  crystalline  form,  and 
optical  activity,  while  its  composition  is  shown  to  be  that  of  the  next 
higher  homologue  of  abietic  acid  (C19H9gO2).  Since  the  acid  is  isomeric 
with  the  8-pimaric  acid  of  Vesterberg,  but  differs  from  the  latter  in 
being  optically  inactive,  it  is  proposed  to  call  it  i-pimaric  acid.  The 
substance  is  not  attacked  by  fused  potash  or  dilute  nitric  acid,  while 
the  strong  acid  converts  it  into  oxalic  acid.  By  reduction  with  hydrio- 
dic  acid  in  sealed  tubes,  a  liquid  hydrocarbon  having  the  composition 
C20H39  is  formed.  The  relative  density,  refractive  index,  and  boiling 
point  of  this  substance  have  been  determined.  A  specimen  of  colo- 
phene  was  prepared  from  turpentine  by  treatment  with  strong  sulphuric 
acid,  and  the  constants  of  this  substance  determined  for  comparison 
with  those  of  the  hydrocarbon  from  i-pimaric  acid,  with  the  result  that 
the  two  compounds  were  proved  not  to  be  identical.  This  is  probably  the 
first  time  that  colophene  has  been  obtained  in  a  pure  condition,  since 
Deville  and  Riban  applied  this  name  merely  to  a  fraction  boiling 
beyond  300°  0.  at  atmospheric  pressure.  It  should  be  pointed  out  that 
the  hydrocarbon  obtained  by  Liebermann  and  Haller,  by  reduction  of 
their  pimaric  acid,  may  have  been  identical  with  colophene,  but  this  is 
hardly  likely,  since  it  is  probable  that  the  pimaric  acid  of  these  authors 
was  really  abietic  acid,  which  also  yields  a  similar  liquid  hydrocarbon 
when  reduced  with  hydriodic  acid.  By  oxidation  of  the  sodium  salt  of 
the  acid  in  neutral  solution  with  potassium  permanganate,  acetic  acid 
is  the  chief  product,  but  there  is  also  formed  a  small  amount  of  a 
crystalline,  aromatic  acid  melting  at  260°  C.,  which  may  possibly  be 
trimellitic  acid,  but  which  has  not  yet  been  obtained  in  sufficient 
quantity  for  complete  identification. 

The  remaining  acid  of  the  resin  is  probably  the  chief  constituent  of 
Tschirch  and  Baker's  callitrolic  acid,  so  that  the  latter  name  may 
conveniently  be  retained  for  it.  It  is  a  very  intractable  material,  and 
has  not  yet  been  obtained  in  a  crystalline  condition.  A  crystalline 
sodium  salt  has  been  obtained,  but  this  is  extremely  deliquescent, 
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absorbing  water  rapidly,  and  forming  a  gelatinous  paste  which,  when 
dried  in  the  water-oven,  becomes  horny  and  discoloured.     Attempts  to 
regenerate   the   acid  from   this   sodium  salt  by  the  action  of  mineral 
acids  gave  only  a  lactone,  which,  by  reason  of  its  remarkable  insolu- 
bility in  all  ordinary  solvents,  is  easily  freed  from  associated  impurities. 
This  insoluble  lactone  has  been  prepared  and  purified  in  various  ways, 
and  by  analysis  of  these  preparations  it  has  been  shown  that  its  com- 
position is  probably  represented  by  the  formula  C3l)H4<5O4,  from  which 
it   is  inferred   that   the  composition  of   the  acid  may  be  represented 
by  the  formula  C30H45O5.     The  latter  formula  receives  further  support 
from  the  results  obtained  by  analysis  of  the  silver  salt  of  callitrolic 
acid,   prepared  by  double  decomposition  from  the  crystalline  sodium 
salt.      The  most  characteristic  property  of  callitrolic  acid  is  its  con- 
version into  the  insoluble   lactone  already  referred  to.     The   latter, 
although  insoluble  in  all  the  usual  solvents  except  boiling  acetic  acid, 
is   dissolved   readily   by  alcoholic   solutions  of  i-pimaric    acid,  and  is 
reprecipitated  from  such  solutions  by  the  addition  of  alcohol.     This 
phenomenon   has   already  been  observed  by  Johnston  (lor.  cit.),  who 
found  that   a  strong  varnish   of  crude  sandarac,  made  with  alcohol, 
deposited  A-/v;.*m  on  dilution  with  more  alcohol.     This  experiment  has 
been  repeated,   and   the    A- resin  of   Johnston  has  been  found  to  be 
identical  with  the  lactone  of  callitrolic  acid.     When  callitrolic  acid  or 
its  lactone  is  heated,  even  in  vacuo,  it  decomposes,  forming  a  hard, 
pitch-like  substance  and  a  liquid  hydrocarbon.    The  latter  was  purified 
and  examined,  and  found  to  be  identical  with  the  diterpene  occurring 
in  the  plant.     The  acid  is  not  attacked  when  heated  with  fused  potash, 
nor   when  warmed  on  the   water-bath   for  several  days  with  fuming 
nitric  acid.     The  aqueous  solution  of  the  sodium  salt  slowly  decolorises 
potassium   permanganate,   but   the   oxidation    product    has    not  been 
investigated.       The   acid    forms    derivatives,    in    which    hydrogen    is 
replaced  by  the  acetyl  and  benzoyl  groups,  when  it  is  treated  with  the 
anhydrides  of  acetic  and  benzoic  acids. 

The  resin  of  CaU  ••<.  has  also  been  examined  and  found 

to  contain  S-pinene,  and  the  two  resin  acids  already  obtained  from 
common  sandarac.  These  bodies  have  been  isolated  from  the  Aus- 
tralian resin,  and  characteristic  dei'ivatives  prepared  from  them  as 
already  described  by  which  their  identity  has  been  established. 

It  should  be  pointed  out  that  in  many  particulars  the  observations 
now  recorded  do  not  confirm  those  of  Tschirch  and  Balzer.  The 
sandaracolic  acid  of  these  authors  was  probably  impure  «-pimaric  acid 
and  could  not  have  given  methyl  iodide  when  heated  with  hydriodic 
acid,  since  no  constituent  of  sandarac  resin  behaves  in  this  way,  as  has 
also  been  shown  by  Gregor  and  Bamberger  (Oest.  Chem.  Zeit.,  1898,  8), 
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who  obtained  no  methyl  iodide  when  the  crude  resin  was  heated  in 
Zeisel's  apparatus  with  hydriodic  acid!  The  formation  of  acetyl  and 
benzoyl  derivatives  from  sandaracolic  acid  (impure  ^-pimaric  acid)  is 
also  inexplicable  except  on  the  assumption  that  it  contained  much 
callitrolic  acid,  which  is  hardly  probable  if,  as  the  authors  say,  their 
sandaracolic  acid  was  distinctly  crystalline.  Tschirch  and  Balzer 
further  failed  to  observe  the  formation  of  the  insoluble  lactone  when 
attempts  are  made  to  regenerate  callitrolic  acid  from  aqueous  solutions 
of  its  alkali  salts  by  addition  of  mineral  acids.  The  formulae  now 
proposed  for  the  acid  constituents  of  sandarac  resin  also  differ  con- 
siderably from  those  proposed  by  these  authors. 

The  experimental  results  obtained  in  the  course  of  this  work, 
although  not  yet  sufficiently  definite  and  extensive  to  enable  one  to 
assign  a  constitutional  formula  to  i-pimaric  acid,  lend  support  to  the 
view  generally  held  that  the  resin  acids  of  the  Coniferai  are  produced  by 
the  condensation  and  oxidation  of  terpenes  ;  a  view  to  which  concrete 
expression  has  been  given  in  the  constitutional  formulae  assigned  by 
Bruylants  and  by  Bischoff  and  Nastvogel  to  resin  acids  of  the  com- 
position C.,0H30O2,  to  which  attention  has  already  been  drawn  in  the 
historical  introduction  to  the  present  paper. 

Volatile  Resin*. 

Although  the  volatility  of  abietic  acid  when  heated  in  vacuo  is  well 
known,  this  substance  having  been  isolated  by  Kelbe  from  the  dis- 
tillation products  of  colophony  (Serichte,  13,  888),  and  it  has  been 
pointed  out  by  Vesterberg  (he.  cit.)  that  his  dextropimaric  acid  could 
be  distilled  in  vacuo  unchanged,  yet  this  method  has  been  but  little 
used  by  investigators  for  the  isolation  of  resin  constituents,  the  only 
case  of  this  application  (which  seems  to  have  been  accidental)  being 
the  preparation  of  cannabinol  from  the  resin  of  Indian  hemp  by 
Messrs.  Wood,  Spivey,  and  Easterfield  (Journ.  Chem.  Soc.,  1899,  20). 
During  the  course  of  the  present  work  it  was  found  that  distillation 
of  sandarac  under  reduced  pressure  was  a  very  convenient  way  of 
obtaining  inactive  pimaric  acid.  The  resin  was  broken  into  small 
pieces  and  placed  in  a  Jena  distilling  flask  having  another  similar  flask 
attached  to  its  side  arm  in  the  usual  way.  The  flasks  were  then 
rendered  vacuous  (10-12  mm.  pressure)  and  the  resin  heated  by  a 
Bunsen  burner.  At  first  a  little  water  came  over,  and  the  resin 
melted  and  began  to  froth.  The  frothing  was  easily  controlled  by  the 
use  of  a  glass  ~["-piece,  inserted  between  the  pump  and  the  flasks, 
having  one  arm  closed  by  a  piece  of  rubber  tubing  and  a  spring  clip,  so 
that  the  pressure  in  the  flasks  could  be  suddenly  increased  at  will  by 
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opening  the  clip.  After  a  time  the  volatile  oil  began  to  distil  over, 
the  thermometer  gradually  rising  to  about  160°  C.  The  receiver  was 
changed  at  this  stage  and  a  fraction  up  to  about  240;  C.  collected. 
This  was  usually  viscous  when  cold,  and  was  found  to  be  a  mixture  of 
pimaric  acid  and  diterpene.  The  receiver  was  again  changed  and  a 
fraction  up  to  300'  C.  collected.  This  was  almost  pure  pimaric  acid, 
and  on  redistillation  usually  gave  a  large  fraction  boiling  at  260°  C. 
(15  mm.  pressure),  which,  on  solution  in  alcohol  and  addition  of  a  little 
water,  could  be  obtained  in  a  crystalline  condition  (m.  p.  171°  C.).  In 
this  process  the  callitrolic  acid  suffers  decomposition,  and  so  a  large 
yield  of  diterpene  is  obtained  in  the  earlier  fractions.  This  can  be 
purified  by  shaking  the  ethereal  solution  of  the  fraction  with  potash 
to  remove  pimaric  acid,  and  rectification  as  already  described  over 
metallic  sodium. 

Among  other  resins  which  give  on  distillation  under  diminished 
pressure  constituents  of  constant  boiling  point  are  mastic,  myrrh,  and 
Indian  frankincense.  The  application  of  this  process  could  no  doubt 
be  extended  with  great  advantage  to  the  investigation  of  this  class  of 
substances,  about  whose  chemistry  so  little  is  known  owing  to  the 
difficulty  of  isolating  well-defined  products  from  them. 

This  investigation  has  been  carried  out  in  the  laboratories  of  the 
Scientific  Department  of  the  Imperial  Institute,  and  I  desire  to  express 
my  warmest  thanks  to  Professor  Dunstan  both  for  the  suggestion  that 
I  should  undertake  this  work  and  for  the  valuable  help  he  has  given 
me  during  its  pursuit. 


Tl>"  Action  of  Alkyl  Haloids  on  Aldoximes  and 
Ketoximes.1 

By  TVTXDHAM  R.  DUXSTAX  and  ERNEST  GOULDING. 

THE  authors  have  already  given  some  account  of  the  direct  action  of 
alkyl  haloids  on  hydroxylamine  (Proc.,  1894,  138),  and  are  at  present 
engaged  in  a  further  study  of  the  subject.  Since  little  or  nothing 
is  known  as  to  the  direct  action  of  alkyl  iodides  on  oximes,  this  action 
has  been  examined  with  several  well-known  aldoximes  and  ketoximes. 
Luxmoore  (Trans.,  1896,  69,  183),  at  the  suggestion  of  one  of  us, 

1  Reprinted,  from  the  Journal  of  the  Chemical  Society,  1897.  71,  f>73. 
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investigated  the  action  of  alkyl  haloids  when  they  are  heated  with 
benzaldoxime,  and  has  described  a  new  methyl  derivative  of  benzanti- 
aldoxime  in  which  the  methyl  group  is  joined  to  nitrogen.  This 
derivative,  on  hydrolysis,  furnishes  benzaldehyde  and  a  salt  of 
/3-methylhydroxylamine,  NH(CH3)'OH.  When,  as  in  the  ordinary 
method,  the  action  of  the  alkyl  haloid  takes  place  in  the  presence  of 
the  sodium  derivative  of  the  corresponding  alcohol,  the  principal 
product  is  an  ether  of  the  oxime  isomeric  with  the  derivative  referred 
to  above.  In  the  latter  case,  the  alkyl  group  takes  the  place  of  the 
hydrogen  of  the  hydroxyl  group  of  the  oxime,  and  the  isomeric  ether, 
on  hydrolysis,  furnishes  benzaldehyde  and  a  salt  of  a-methylhydroxyl- 
amine,  NH2'OCH3.  The  two  actions  may  be  represented  by  the  follow- 
ing equations — 

1 .  CHPhNHO  +  CH3I  =  CHPhN(CH3)O,HI. 

2.  CHPhNHO +  CH,I  =  CHPhN-OCH,,HI. 

O  O' 

In  the  present  paper  we  show  that  this  first  mode  of  action  of  the 
alkyl  haloid,  as  a  result  of  which  the  alkyl  group  attaches  itself  to 
nitrogen,  is  apparently  a  general  one.  The  cases  of  formaldoxiine,  acetal- 
doxime,  acetoxime,  and  acetophenoxime  have  been  investigated,  and  in 
each  instance,  by  the  direct  action  of  methylic  iodide  or  ethylic  iodide  or 
bromide,  an  alkyl  derivative  has  been  prepared,  and  by  an  examination 
of  its  hydrolytic  and  reduction  products  it  has  been  proved  that  it 
contains  the  alkyl  group  attached  to  the  nitrogen  atom  of  the  oxime, 
so  that,  on  hydrolysis,  the  aldehyde  or  ketone  is  regenerated,  and  a 
salt  of  /3-alkyl-hydroxylamine  produced. 

These  conclusions  are  summarised  in  the  following  equations,  show- 
ing the  formation  and  hydrolysis  of  these  alkyl  derivatives. 

Aldoximes — 

R'-CHNHO  +  CH3I  =  R'-CHN(CH8)0,HI. 

R'-CHN(CH3)0,HI    +    H2O  =  R'-CHO    +    NH(CH3)-OH,HI. 

Methylaldoxime  hydriodide.  Aldehyde.          /8-Methylhydroxylamine 

hydriodide. 

Ketoximes — 

R'2CNOH  +  CH3I  =  R'2CN(CH3)0,HI. 
R'2CN(CH3)0,HI    +    H2O  =  R2CO    +    KE(CH3)-OH,HI. 

Methylketoxime  hydriodide.  Ketone.  £-Methylhydroxylamine 

hydriodide. 

The  new  series  of  derivatives  appear  to  be  more  readily  hydrolysed 
than  the  isomeric  ethers,  and  are  therefore  much  more  difficult  to  pre- 
pare and  purify.  Luxmoore  (loc.  cit.)  succeeded,  in  the  case  of  benz- 
antialdoxime,  in  isolating  the  free  base  in  the  solid  state ;  this,  however, 
has  not  been  possible  with  the  aliphatic  compounds  owing  to  the  great 
instability  of  the  bases,  even  the  ordinary  salts  are  unstable. 
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As  to  the  structure  of  these  compounds,  there  can  be  little  doubt 
that  they  are  derivatives  of  the  tautomeric  or  isoximido-forms  of  the 
ordinary  aldoximes  and  ketoximes. 

RCH-X-CH3  R  C'X'CH3 

"V 
O  O 

Methylaldoxime.  Methylketoxime. 

The  isomeric  compounds  being  the  ethers  of  the  ordinary  oximes. 

RCH:XOCH3.  RX:X-OCH3. 

Methyl  ether  of  aldoxime.  Methyl  ether  of  ketoxime. 

In  the  aliphatic  series,  very  few  of  these  ethers  have  so  far  been 
prepared. 

ACTION*  OF  ALKYL  IODIDES  ON  FORMALDOXIME. 

The  preparation  and  properties  of  formaldoxime  have  been  already 
described  (Dunstan  and  Bossi,  Proc.,  1894,  p.  55).  It  has  been  shown 
that  this  oxime  combines  in  three  molecular  proportions  with  a  single 
molecule  of  a  monobasic  acid  to  form  well-defined  salts  (CH9NOH)3 
HC1,  etc.,  but  in  its  general  properties  it  behaves  as  an  ordinary  oxime 
of  formaldehyde.  When  an  excess  of  methylic  iodide  is  heated  for 
some  hours  with  a  solution  of  formaldoxime  in  rnethylic  alcohol,  and 
the  solution  is  concentrated,  the  addition  of  ether  causes  the  separation 
of  small,  white  crystalline  rosettes  which  may  be  purified  by  recrystal- 
lisation  from  ether  and  alcohol.  The  best  method  of  obtaining  this 
compound  consists  in  adding  an  excess  of  methylic  iodide  to  a  strong 
ethereal  solution  of  formaldoxime;  after  about  12  hours,  the  com- 
pound crystallises  out.  These  crystals,  which  melt  near  102=  with 
decomposition,  consist  of  the  hydriodide  of  a  methylformaldoxime. 
They  dissolve  in  water,  dissociating  and  forming  an  acid  solution, 
which,  when  heated,  at  once  evolves  formaldehyde,  leaving  a  liquid 
possessing  strong  reducing  properties.  From  these  properties,  it  might 
be  supposed  that  the  compound  is  represented  by  the  formula 
CHX(CH3)O,HI.  On  analysis,  however,  it  appears  that,  like 
hydriodic  acid,  methylic  iodide  combines  with  three  molecular  pro- 
portions of  formaldoxime,  and  that  the  formula  of  the  compound  is 
(CH.1XOH)3CH3I.  The  analytical  results  obtained  by  precipitating 
an  aqueous  solution  with  silver  nitrate  are  as  follows — 

I.  0-3853  gave  0-3296  Agl.     I  =  46-22  per  cent. 
II.  0-2568      „      0-2187  Agl.     I  =  46-03    „      „ 
III.  0-2026     „      0-1714  Agl.     1  =  45-71    „      „ 

(CH.2NOH)3,CH3I  requires  1  =  45-85  per  cent. 
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In  order  to  ascertain  the  constitution  of  this  remarkable  compound, 
its  decomposition  products  have  been  examined.  Although  many 
attempts  were  made,  the  base  corresponding  with  this  salt  could  not 
be  separated  owing  to  the  facility  with  which  it  suffers  decomposition. 
Methylic  bromide,  when  heated  with  formaldoxime,  furnishes  a  hydro- 
bromide  similar  to  the  hydriodide  described  above,  but  alkyl  haloids 
do  not  react  with  formaldoxime  if  it  is  presented  as  the  hydrochloride. 

Action  of  Heat  on  Formaldoxime  Methiodide. 

The  substance  was  heated  at  100°  in  a  JJ-tube  in  a  current  of  dry 
air,  and  the  distillate  condensed  in  a  second  [J-tube  immersed  in  a 
freezing  mixture.  The  substance  darkened,  and  formaldoxime  gradually 
distilled,  changing  into  the  white,  amorphous  polymeride  in  the  re- 
ceiver. When  distillation  ceased,  the  coloured  residue  was  dissolved 
in  water,  the  solution  made  alkaline  and  distilled  into  dilute  hydro- 
chloric acid ;  the  hydrochloride  thus  obtained  consisted  entirely  of 
methylamine  hydrochloride.  The  platinichloride  was  prepared  and 
analysed. 

0-0182  gave  0-0075  Ft.     Pt-  41-21  per  cent, 

(NH2'CH3)2,H2PtCl6  requires  =  41 -38  per  cent. 

In  another  experiment,  the  quantity  of  formaldoxime  which  distils 
from  the  compound  was  ascertained  to  be  32-49  per  cent.,  a  result 
agreeing  well  with  the  following  equation,  which  shows  that  two 
molecules  of  formaldoxime  distil,  leaving  one  combined  with  the 
elements  of  methylic  iodide. 

(CH2NOH)3CH3I  =  2CH2:NOH  +  CH2N(CH3)O,HI. 

The  coloured  residue  was  dissolved  in  water  made  alkaline  with 
soda,  and  distilled  into  dilute  hydrochloric  acid,  when  methylamine 
hydrochloride  was  again  obtained  and  identified  by  an  analysis  of  its 
platinichloride. 

0-0507  gave  0-021 2  Pt.     Pt  =  41  -81  per  cent. 

(NH2'CH3)2,H2PtCl6  requires  Pt  =  41'38  per  cent. 

It  thus  appears  that  only  one  of  the  three  molecules  of  formaldoxime 
is  attacked  by  the  methylic  iodide  which  joins  itself  to  the  nitrogen  of 
this  molecule  and  is  subsequently  obtained  as  methylamine. 

Hydrolysis  of  Formaldoxime  Methiodide. 

The  hydrolysis  of  the  compound  was  effected  by  heating  its  aqueous 
solution  for  some  hours  in  a  flask  attached  to  an  upright  condenser. 
Considerable  quantities  of  formaldehyde  were  produced,  and  hydroxyl- 
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amine  was  readily  detected  in  the  solution.  The  detection  and 
separation  of  a  methylhydroxylamine  salt  in  presence  of  a  salt  of 
hydroxylamine  being  a  difficult  matter,  the  residue  of  salts  was 
reduced  by  heating  with  hydriodic  acid,  the  solution  then  made 
alkaline  and  distilled  into  dilute  hydrochloric  acid.  The  residue  was 
a  mixture  of  ammonium  chloride  and  methylamine  hydrochloride. 
The  mixed  platinichlorides  were  prepared  and  analysed. 

0-0565  gave  0-0244  Pt.     Pt  =  43-19  per  cent. 

2XH4C1  +  XH2'CH3,HC1  requires  Pt  =  43-17  per  cent. 

This  result  bears  out  the  inference  from  the  experiments  on  the 
action  of  heat  on  the  compound  that  the  methyl  radicle  is  attached  to 
the  nitrogen  of  one  molecule  of  the  oxime.  the  formula  of  this  methyl 
derivative  being  (CH.2IXOH).1,CH0!X(CH3)O,  as  is  shown  by  the  pro- 
duction of  /3-methylhydroxylamine  on  hydrolysis.  The  other  two 
molecules  of  formaldoxime  in  the  compound  furnish  hydroxylamine 
when  hydrolysed  in  the  usual  manner.  We  reserve  for  another  paper 
a  discussion  of  the  constitution  of  the  acting  complex  (CH0NOH)3  of 
formaldoxime. 

Reduction  of  Formaldoxime  Methiodide. 

Experiments  have  been  made  with  various  reducing  agents,  and  in 
each  case  a  mixture  of  ammonium  chloride  and  methylamine  hydro- 
chloride  has  been  obtained.  In  all  cases,  hydrolysis  appears  to  have 
preceded  reduction  to  a  greater  or  less  extent,  whilst  some  formal- 
doxime was  directly  reduced  to  methylamine.  On  this  account,  except 
where  hydrolysis  was  complete  before  reduction  occurred,  varying 
proportions  of  ammonia  and  methylamine  were  obtained. 


ACTION  OF  ALKYL  HALOIDS  ON  ACETALDOXIME. 

When  acetaldoxime  is  heated  with  methvlic  iodide,  a  solution  is 
obtained  from  which  it  has  not  been  possible  to  prepare  a  crystalline 
compound.  By  carefully  precipitating  the  solution  with  ether,  a 
liquid  is  isolated  which  possesses  all  the  properties  of  a  salt  of  the 
methyl  derivative,  in  which  this  group  is  attached  to  nitrogen.  On 
hydrolysis  it  furnishes  acetaldehyde  and  /3-methylhydroxylamine. 
There  can,  therefore,  be  no  doubt  that  the  formula  of  the  compound  is 
CH3-CH'X-CH3 


Methylic  bromide  and  ethylic  iodide  give  rise  to 


similar  derivatives. 
ii. 
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ACTION  OF  ALKYL  HALOIDS  ON  ACETOXIME. 

When  excess  of  methylic  iodide  is  heated  for  some  hours  with  an 
alcoholic  solution  of  acetoxime,  iodine  is  liberated,  and  the  liquid 
becomes  dark  red ;  on  evaporating  the  solution  to  a  small  volume  and 
allowing  it  to  cool,  a  large  number  of  red  prismatic  crystals  separate, 
which  exhibit  a  brilliant  green  lustre.  They  may  be  recrystallised  by 
adding  ether  to  a  solution  in  methylic  alcohol;  when  heated,  the 
crystals  decompose.  On  heating  an  acidified  aqueous  solution,  acetone 
is  formed,  together  with  a  substituted  hydroxylainine  having  powerful 
reducing  properties.  The  compound,  therefore,  has  a  similar  constitu- 
tion to  the  aldoxime  derivatives  obtained  in  a  similar  manner. 

The  total  iodine  was  determined  as  silver  iodide,  after  adding 
sulphurous  acid  and  then  nitric  acid  to  the  aqueous  solution. 

I.  0-279  gave  0-3493  AgL     1-67-7  per  cent. 
II.  0-1721    „     0-2175  Agl.     1  =  68-33      „ 
III.  0-1684    „     0-2147  Agl.     1  =  68-88      „ 

[(CH3)2CN(CH3)O,HI]2,I  requires  1  =  68-40  per  cent. 

In  order  to  confirm  this  composition,  the  "external"  iodine  was 
determined  by  dissolving  the  substance  in  methyl  alcohol,  diluting 
with  water,  and  then  titrating  with  thiosulphate. 

I.  0-223  gave  0-05143  I.     1  =  23-06  per  cent. 
II.  0-2317    „     0-053341.     1  =  23-02 

[(CH3)2CN(CH3)O,HI]2,I.     I  =  22-8  per  cent. 

The  substance  is  therefore  a  periodide  of  methylacetoxime. 

Hydrolysis  of  Methylacetoxime  Periodide. 

The  hydrolysis  of  the  compound  was  accomplished  by  heating  with 
concentrated  hydriodic  acid,  when,  of  course,  if  hydroxylamine  were 
formed,  it  would  at  once  be  reduced  to  ammonia,  whilst  /3-methyl- 
hydroxylamine  would  be  reduced  to  methylamine.  Acetone  was 
disengaged  during  the  operation,  and  when  all  action  had  ceased  the 
liquid  was  rendei'ed  alkaline  with  soda,  and  distilled  into  dilute 
hydrochloric  acid.  The  residue  obtained  by  evaporating  this  acid 
solution  was  found  to  be  entirely  composed  of  methylamine  hydro- 
chloride  ;  a  part  of  it  was  converted  into  the  platinichloride,  and 
analysed. 

0-0782  gave  0-0324  Pt.     Pt  =  41  -43  per  cent. 

(NH2'CH3)2,H2PtCl6  requires  Pt  =  41-38  per  cent. 

As  the  substance  was  hydrolysed  and  its  nitrogen  reduced  to  methyl- 
amine so  readily  and  completely  by  this  treatment,  an  estimation  of 
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the  nitrogen  in  the  compound  was  effected  in  this  way.  The  base  was 
distilled  into  excess  of  decinormal  sulphuric  acid  and  the  solution 
titrated  with  standard  soda.  0-443  gave  0-04526  of  methylamine  = 
4-61  per  cent,  of  nitrogen.  Calculated  percentage  =  5 -02.  These 
results  justify  the  conclusion  that  this  substance  is  the  periodide  of  a 
methylacetoxime  in  which  the  methyl  is  joined  to  nitrogen  as  shown 
in  the  formula  (CH3)2C-N'CH3. 

O 

Many  attempts  were  made  to  obtain  the  hydriodide  from  the 
periodide,  but  without  success,  as  this  salt  is  unstable  and  particularly 
easily  hydrolysed.  For  similar  reasons,  the  base  itself  could  not  be 
isolated,  although  undoubted  indications  were  obtained  of  its  existence 
in  solution. 

Me&ylam  ine  Hydriodide. 

From  the  mother  liquors  from  which  the  methylacetoxime  periodide 
had  separated,  a  salt  was  obtained  crystallising  in  brilliant,  colourless 
plates  from  a  mixture  of  ether  or  chloroform  with  alcohol.  The 
crystals  were  very  slightly  deliquescent,  dissolved  readily  in  water  and 
alcohol,  and  melted  near  220°,  darkening  in  colour.  They  possessed 
all  the  properties  of  methylamine  hydriodide.  Determination  of  the 
iodine  gave  the  following  result — 

0-2089  gave  0-3067  Agl.     I  =  79-32  per  cent. 

NH..-CI1.HI  requires  I  =  79'87  per  cent. 

This  salt  is  very  little  known.  It  is  described  by  "VVurtz  (Diction- 
naire  de  Chemie)  as  forming  colourless  plates  which  are  strongly 
deliquescent. 

A'^if>n  r>f  EthyU?  Ls.Ude  on  A'-~  to.'-ime. 

When  ethylic  iodide  is  heated  with  an  alcoholic  solution  of  acetoxime 
for  several  hours,  a  liquid  is  produced  which  is  coloured  red  from 
liberation  of  iodine,  and  a  periodide  of  ethylacetoxime  is  formed  which 
is  similar  in  constitution  to  the  methyl  derivative  described  above. 
On  hydrolysis  followed  by  reduction,  the  whole  of  the  nitrogen  appears 
as  ethylamine.  Analysis  of  the  platinichloride  furnished  the  following 
result  — 

0-0318  gave  0-0126  Pt.     Ft  =  39'6  per  cent. 

(NH2'C2H5)2,H2PtCl6  requires  Pt  =  39-1  per  cent. 

It  is  therefore  proved  that  in  ethylacetoxime  the  alkyl  is  joined 
to  nitrogen  as  represented  in  the  formula  (CH3)..,C*N'C0H-. 

O 
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Methylic  bromide  reacts  with  acetoxime  without  liberation  of 
bromine,  and  although  evidence  of  the  production  of  a  methyl  de- 
rivative was  obtained,  no  crystalline  salt  could  be  isolated. 

ACTION  OF  ALKYL  HALOIDS  ON  ACETOPHENOXIME. 

When  excess  of  methylic  iodide  is  heated  with  an  alcoholic  solution 
of  acetophenoxime  for  2  hours  in  a  sealed  tube  at  105°,  iodine  is 
liberated,  and  on  adding  ether,  a  red  liquid  is  precipitated  which 
could  not  be  crystallised ;  it  exhibited  the  reactions  of  the  hydriodide 
of  methylacetophenoxime. 

On  hydrolysis,  this  liquid  furnished  acetophenone  and  a  salt  of 
/3-methylhydroxylamine,  the  latter  giving  methylamine  on  reduction 
with  hydriodic  acid. 

The  platinichloride  was  prepared  and  analysed. 

0-0346  gave  0*0145  Pt.     Pt  =  41-91  per  cent. 

(NH2'CH3)2,H2PtCl6  requires  Pt  =  41-38  per  cent. 

The  formula  of  the  substance  is  therefore  CflH5'C(CH3)N(CH3)0,HI 
On  heating  acetophenoxime  with  ethylic  iodide  in  a  similar  manner, 
a  salt  of  an  ethylacetophenoxime  could  not  be  separated,  but  on  adding 
ether  to  the  liquid,  ethylamine  hydriodide  crystallised  out.     It  would 
appear,  therefore,  that  the  ethylacetophenoxime  is  unstable,  and  under- 
goes hydrolysis  into  acetophenone,  which  was  identified  in  the  solution, 
and  /3-ethylhydroxylamine,  which  is  readily  reduced  to  ethylamine. 
The  platinichloride,  on  analysis,  gave  the  following  result — 

0-0508  gave  0-0200  Pt.     Pt  =  39-37  per  cent. 

(NH2-C2H5)2,H2PtCl6  requires  Pt  =  39-l  per  cent. 

We  may  remark  here,  we  have  observed  that  when  acetophenoxime 
is  heated  with  methylic  iodide  in  the  presence  of  sodium  methoxide, 
salts  of  both  isomerides  are  at  first  produced ;  the  one  in  which  the 
methyl  is  joined  to  oxygen,  C6H5-(CH3)C:N-OCH3,HI,  and  the  other 
in  which  this  group  is  joined  to  nitrogen  as  shown  in  the  formula  given 
above.  We  reserve  for  the  present  a  further  account  of  the  properties 
of  these  compounds. 
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The  Action  of  Alkyl  Haloids  on  Hydroxylamine.    F<jrm- 
atinii  nf  Substituted  Hydroxylamines  and  Oxamines.1 

By  WYNDHAM  R.  DUNSTAN  and  ERNEST  GOULDING. 

Ix  two  previous  papers  (Proc.,  1894,  10,  138;  Trans.,  1896,  69,  839) 
the  authors  have  shown  that  methylic  iodide  readily  reacts  at  the 
ordinary  temperature  with  a  solution  of  hydroxylamine  in  methylic 
alcohol,  forming  the  hydriodide  of  a  trimethylhydroxylamine  and  tri- 
hydroxylamine  hydriodide,  (NH.,OH)3,HI,  together  with  a  dihydroxyl- 
amine  hydriodide,  (NH.,OH).MHI.  These  salts  are  separated  by 
fractional  crystallisation.  A  short  description  has  been  also  given  of 
the  method  of  formation  and  properties  of  the  free  "  trimethylhy- 
droxylamine "  and  of  its  salts.  Our  account  of  this  remarkable 
reaction  has  been  confirmed  by  the  experiments  of  Lobry  de  Bruyri 
(Sec.  Trav.  Chim.,  1896,  15,  185). 

In  the  present  paper  the  authors  give  a  full  account  of  their  observ- 
ations on  this  subject,  and  also  of  the  action  of  other  alkyl  iodides  on 
hydroxylamine. 

Briefly  summarised,  the  results  prove  that,  by  the  action  of  methylic 
iodide  on  hydroxylamine,  the  salt  of  a  stable  trimethyl  derivative  is 
readily  obtained,  and  a  complete  study  has  been  made  of  the  principal 
properties  of  the  base  and  its  salts.  It  is  proved  that  this  trimethyl- 
hydroxylaniine  must  be  represented  by  the  formula  (CH3)3XO,  since  it 
does  not  contain  a  methoxyl  group.  It  will  be  convenient  to  designate 
this  isomeride  of  a  true  trimethylhydroxylamine,  (CH3).,NOCH3,  as 
trimethyloxy  ammonia  or  trimethyloxamine.  No  other  substituted 
hydroxylamine  could  be  isolated  from  the  products  of  the  action  of 
methylic  iodide  on  an  alcoholic  solution  of  hydroxylamine. 

By  the  further  action  of  methylic  iodide  on  trimethyloxamine,  the 
salt  of  a  tetramethyloxyammonium  has  been  obtained.  The  properties 
of  this  remarkable  base,  whose  structure  is  represented  by  the  formula 
(CH3)3N(OCH3)OH,  and  three  of  its  principal  salts  are  described. 
Both  the  tri-  and  tetra-methyl  derivatives  decompose  when  heated  in 
acid  solution,  furnishing  in  the  case  of  the  trimethyl  compounds  formal- 
dehyde and  dimethylamine,  and  in  the  case  of  the  tetra-compound 
formaldehyde  and  trimethylamine. 

By  the  reaction  of  ethylic  iodide  with  hydroxylamine,  the  hydriodide 
of  /?-diethylhydroxylarnine,  and  by  the  further  action  of  the  haloid,  the 
hydriodide  of  triethyloxamine,  have  been  obtained.  There  is  no 

1  R' printed  from  the  Journal  ofths.  Chemical  Society,  1899,  75,  792. 
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evidence  of  the  production  of  a  mono-substituted  hydroxylamine  under 
these  conditions.  The  diethyl  base  is  a  liquid  strongly  alkaline  in 
reaction  and  possessing  powerful  reducing  properties  ;  it  is  decomposed 
on  heating,  forming  acetaldehyde  and  ethylamine.  The  properties  of 
this  compound  show  that  it  is  a  true  hydroxylamine  derivative,  repre- 
sented by  the  formula  N(C.,H5)2OH.  The  triethyloxyammonia,  how- 
ever, closely  corresponds  in  its  properties  with  the  trimethyl  compound, 
and  must  therefore  be  represented  as  a  triethyloxamine,  (C9H5)3NCK 
In  an  analogous  manner,  it  breaks  up  on  heating  into  acetaldehyde 
and  diethylamine.  It  therefore  appears  that  methylic  iodide  reacts 
with  hydroxylamine  to  form  at  once  the  trimethyloxyammonia,  whilst 
ethylic  iodide  forms  first  a  diethylhydroxylamine,  and  afterwards,  not 
a  triethylhydroxylamine,  but  the  isomeric  triethyloxyammonia,  which, 
probably  for  stereochemical  reasons,  appears  to  be  the  stable  configura- 
tion. By  the  reaction  of  normal  propylic  and  secondary  propylic 
iodides  with  hydroxylamines,  dipropyl-  and  di-isopropyl-hydroxylamines 
have  been  prepared. 

In  conclusion,  the  authors  discuss  the  recent  work  of  Hantzsch  and 
Hilland  (£er.,  1898,  31,  2058)  on  the  subject,  and  show  ground  for  not 
accepting  the  conclusions  of  these  authors. 


Action  of  Methylic  Iodide  on  Hydroxylamine  ;  Formation  of  Trimethyl- 
oxyammonia, or  Trimethyloxamine. 

When  methylic  iodide  is  added  to  a  solution  of  hydroxylamine  in 
methylic  alcohol  (prepared  by  the  interaction  of  the  hydrochloride  and 
sodium  methoxide  in  molecular  proportion),  much  heat  is  evolved,  and 
on  concentrating  the  solution  a  mixture  of  the  hydriodides  of  trimethyl- 
oxyammonia and  of  hydroxylamine  crystallises  out.  These  compounds 
may  be  separated  by  solution  in  methylic  alcohol  and  fractional  pre- 
cipitation with  ether.  The  hydroxylamine  hydriodides,  (NH2OH).2,HI 
and  (NH9OH)3,HI,  and  a  little  sodium  chloride  separate  first,  trime- 
thyloxamine  hydriodide  collects  in  the  later  fractions,  whilst  some 
quantity  of  hydroxylamine,  possibly  in  the  form  of  the  unstable  normal 
hydriodide,  remains  dissolved. 

A  rather  better  yield  of  the  trimethyloxyammonia  salt  is  obtained 
if,  after  the  first  action  has  subsided,  the  mixed  solutions  are  heated  for 
a  short  time  on  the  water-bath  under  a  reflux  condenser.  After  the 
liquid  is  cold,  if  ether  is  added,  a  considerable  quantity  of  the  hydri- 
odide of  trimethyloxamine  is  thrown  out,  the  greater  part  of  the 
hydroxylamine  salts  remaining  in  solution.  The  salt  is  purified  by 
cautiously  adding  ether  to  its  solution  in  methylic  alcohol,  of  by 
crystallisation  from  warm  water.  The  salt  melts  near  127°  with 
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decomposition,  formaldehyde  being  evolved,  and  it  is  gradually  decom- 
posed at  100% 

By  the  reaction  of  the  hydriodide  with  a  solution  of  silver  sulphate, 
trimethyloxamine  sulphate  is  obtained  as  a  crystalline,  deliquescent 
nia.ss  very  soluble  in  water  and  in  alcohol.  The  crystals  melt  at 
155-156"  with  decomposition.  By  the  action  of  barium  chloride  on 
a  solution  of  the  sulphate,  the  hydrochloride  is  obtained  in  prismatic 
crystals  melting  with  decomposition  at  205-210'.  This  salt  is  also 
readily  soluble  in  water  and  in  hot  rnethylic  alcohol.  When  an 
aqueous  solution  of  the  sulphate  is  mixed  with  barium  carbonate  in  the 
cold,  a  vigorous  effervescence  takes  place,  carbon  dioxide  being  evolved, 
and  the  base  liberated. 

Analysis  of  the  hydriodide  gave  the  following  results — 

I.   1-0166  gave  M66  Agl.     1  =  61-98. 
II.  0-3482     „     0-3997  Agl.     1  =  62-04. 

N(CH3)3O,HI  requires  1  =  62-56  per  cent. 

The  platinichloride  forms  well-defined  rhombohedra.  very  soluble  in 
water  and  methylic  alcohol,  less  soluble  in  ethylic  alcohol.  It  melts 
with  decomposition  at  228-229". 

Analysis  of  this  salt  gave  the  following  result — 

0-368  gave  0-129  Pt.     Pt  =  35  per  cent. 

[N(CH3)3O]2,H.,PtCl6  requires  Pt  =  34'8  per  cent. 

The  aurichtoride  crystallises  in  yellow  octahedra  readily  soluble  in 
hot  water  ;  they  melt  near  200°. 

Analysis  gave  the  following  result — 

0-0978  gave  0-0464  Au.     Au  =  47'4  per  cent. 

(CH3)3XO,HAuCl4  requires  Au  =  47*5  per  cent. 

Thepicrate  melts  at  196-198°. 

Trimethyloxy ammonia  (Trimethyloxamine). 

The  free  base  is  obtained  from  the  sulphate  by  adding  a  slight  excess 
of  baryta  water  to  its  aqueous  solution,  carbon  dioxide  is  passed 
through  the  liquid  in  order  to  •  remove  the  excess  of  baryta,  and  the 
filtrate  is  then  evaporated  nearly  to  dryness  on  the  water-bath.  On 
cooling,  the  liquid  residue  crystallises  in  radiating  needles  which  melt 
at  96:>,  and  are  not  volatile.  The  base  is  very  deliquescent,  and  is 
soluble  in  water  and  methylic  alcohol,  less  soluble  in  ethylic  alcohol, 
and  insoluble  in  ether ;  from  the  solution  in  hot  ethylic  alcohol,  it 
crystallises  in  long  needles.  The  aqueous  solution  has  a  powerfully 
alkaline  reaction  to  litmus  and  methyl-orange,  although  not  to  phe- 
nolphthalein,  and  a  slightly  soapy  taste  and  smell.  The  aqueous 
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solution  does  not  reduce  Fehling's  solution.  When  added  to  a  solution 
of  silver  nitrate,  a  white  precipitate  is  produced  which  turns  black  on 
warming.  It  has  no  effect  on  either  a  neutral  or  an  acid  solution  of 
potassium  iodide.  A  solution  of  ferrous  sulphate  quickly  reduces  a 
solution  of  the  base,  with  separation  of  ferric  hydroxide. 

By  analysis,  it  was  ascertained  that  this  crystalline  compound  is  a 
dihydrate  of  trimethyloxamine.  A  determination  of  the  nitrogen  by 
combustion  with  soda  lime  gave  the  following  results — 

I.  Specimen  recrystallised  from  alcohol  by  addition  of  ether.  II. 
Specimen  crystallised  from  water. 

I.  0-1223  gave  0-0152  nitrogen.     N  =  12-4. 
II.  0-1338     „     0-0167         „  N  =  12-5. 

(CH3)3NO,2H2O  requires  N  =  12-6  per  cent. 

Determination  of  the  carbon  and  hydrogen  in  two  specimens  recrys- 
tallised from  alcohol  furnished  the  following  data — 

0-1848  gave  0-1920  H.,0  and  0-2240  C02.     0  =  33;  H  =  ll-5. 
0-188       „     0-1952  HgO     „    0'2263CCC     0  =  32-8;  H  =  11'6. 
(CH3)3NO,2H,0  requires  H  =  ll-7,  0  =  32-4  per  cent. 

It  therefore  appears  that  this  hydrate  does  not  lose  water  by  recrys- 
tallisation  from  a  mixture  of  alcohol  and  ether;  heated  above  110°, 
however,  water  is  expelled,  and  near  180°  the  base  suffers  complete 
decomposition,  formaldehyde  and  trimethylamine  being  among  the 
products.  So  far,  we  have  not  succeeded  in  obtaining  the  anhydrous 
base.  As  is  shown  later,  there  is  no  foundation  for  the  recent  state- 
ment of  Hantzsch  and  Hilland  (loc.  cit.)  that  this  compound,  first 
described  by  us  in  1894,  is  really  a  carbonate  of  the  base. 

Trimethyloxamine  forms  salts  by  direct  combination  with  acids  ; 
these  salts  exhibit  an  acid  reaction  in  aqueous  solution. 

On  the  addition  of  mercuric  chloride  to  an  aqueous  solution  of  the 
base,  a  double  compound  crystallises  out. 

0-2606  gave  0-2181  AgCl.     01  =  207. 

(CH3)3NO,Hg012  requires  01  =  20-5  per  cent. 

The  aqueous  solution  of  the  base  throws  down,  from  a  solution  of 
copper  sulphate,  a  pale  blue  precipitate  which  is  insoluble  in  water  and 
alcohol,  and  appears  to  be  a  basic  double  sulphate.  The  hydrate  of 
trimethyloxamine  is  a  very  stable  substance ;  when  boiled  with  a  solu- 
tion of  caustic  potash,  it  is  only  slowly  decomposed  ;  if  heated  with 
hydrochloric  acid  in  a  sealed  tube  at  100°,  very  little  change  is  pro- 
duced. When  heated  with  sulphuric  acid  (33  per  cent.)  in  a  sealed 
tube  at  110°,  formaldehyde  and  dimethylamine  were  produced,  the 
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latter   being   identified   by  means   of    its   platinichloride,  which,    on 
analysis,  furnished  the  following  result — 
0-0597  gave  0-0234  Pt.     Pt  =  39'2. 

[XH(CH3).,].2,HoPtClt5  requires  Pt  =-  39 -0  per  cent. 

This  decomposition  of  trimethyloxamine  may  therefore  be  repre- 
sented by  the  following  equation:  (CH3)3XO  =  CH.,0  +  XH(CH3)2. 

When  the  substance  is  heated  either  with  hydriodic  acid  or  with  a 
mixture  of  tin  and  hydrochloric  acid,  dimethylamine  is  formed.  But 
since  no  methylic  iodide  is  produced  by  the  action  of  hydriodic  acid, 
proving  the  absence  of  a  methoxyl-group,  it  was  suspected  that  the 
decomposition  represented  above  had  occurred  previous  to  reduction. 
An  experiment  was  therefore  made,  in  which  an  aqueous  solution  of 
the  base  was  left  for  several  days  in  contact  with  zinc  dust  :  the  liquid 
was  then  distilled  into  hydrochloric  acid,  and  the  platinichloride 
prepared  and  analysed. 

0-865  gave  0-0321  Pt.  Pt  =  37-1.  0-582  gave  0-2U  Pt.  Pt  =  36-8. 
[X(CH3)3].2,H.,PtCl6  requires  Pt  =  37'0  per  cent. 

Reduction  with  a  mixture  of  zinc  and  dilute  hydrochloric  acid 
furnished  the  same  product. 

The  reduction  of  trimethyloxamine  may  therefore  be  represented  by 
the  equation  :  X(CH3)3O  +  H.,  -  H..O  +  X(CH3)3. 

We  consider  that  these  experiments  conclusively  prove  the  constitu- 
tion of  this  base.  The  fact  that  formaldehyde  and  dimethylamine  are 
produced  on  heating  its  salts  seemed  at  first  to  be  strong  evidence  in 
favour  of  the  existence  of  a  methoxyl  group,  and  therefore  of  the 
formula  (CH3)0XOCH3.  This,  however,  is  negatived  by  the  non-prc- 
duction  of  methylic  iodide,  by  the  action  of  hydriodic  acid,  and  by  the 
formation  of  trimethylamine  on  reduction  with  zinc  dust.  Moreover, 
according  to  the  observations  of  Kjellin  (Ber.,  1893,  26,  2377), 
/?-methylhydroxylamine,  XH(CH3)OH,  is  decomposed,  when  heated 
with  hydrochloric  acid  in  a  sealed  tube  at  200',  into  formaldehyde  and 
ammonia,  whilst  the  /?-ethyl  compound  is  similarly  decomposed.  In 
like  manner,  Walder  (£er.,  1886,  19,  1629)  has  shown  that  /3-dibenzyl- 
hydroxylamine,  (C7H-)0XOH,  furnishes  benzaldehycle  and  benzylamine. 

Action  of  Jlethytic  Iodide  on  Trimethyloxamine  ;  Formation  of 
Trimethylmethoxyamrnonium  Iodide. 

When  an  alcoholic  solution  of  trimethyloxamine  is  heated  with  an 
excess  of  methylic  iodide,  formaldehyde  is  formed  and  crystals  separate 
out  which  on  analysis  proved  to  be  tetramethylammonium  iodide. 
After  recrystallisation  from  water,  the  salt  exhibited  all  the  properties 
of  this  substance,  and  on  analysis  gave  the  following  data — 
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0-1853  gave  0-2153  Agl.     I  =  62-8. 

N(CH3)4I  requires  1  =  63-2  per  cent. 

The  platinichloride  was  prepared  and  analysed. 

0-0837  gave  0-0295  Pt.     Pt  =  35-2. 

[N(CH3)4Cl]2,PtCl4  requires  Pt  =  35-l  per  cent. 

On  the  addition  of  ether  to  the  liquid  from  which  the  tetramethyl- 
ammonium  salt  had  been  separated,  a  substance  crystallises  out  in 
plates,  which  have  been  proved  to  be  tetramethyloxyammonium  iodide, 
(CH3)3NOCH3,I. 

Further  experiments  have  shown  that  if,  instead  of  heating  the 
mixture,  the  reaction  is  allowed  to  take  place  at  the  ordinary  tempera- 
ture, the  formation  of  the  tetramethylammonium  iodide  is  almost 
entirely  avoided.  The  following  method  has  been  found  to  be  most 
satisfactory.  Two  grams  of  trimethyloxamine  are  dissolved  in  about 
5  c.c.  of  met  hylic  alcohol,  4  grams  of  methylic  iodide  added,  and  the 
mixture  is  left  in  a  closed  vessel  for  about  24  hours.  The  crystals 
which  separate  are  removed  and  recrystallised  from  warm  methylic 
alcohol,  washed  with  ethylic  alcohol,  and  dried  on  a  porous  tile  in  a 
desiccator.  By  the  addition  of  ether  to  the  mother  liquor,  more 
crystals  may  be  obtained  and  recrystallised  and  dried  as  described. 
Analyses  of  a  number  of  specimens  were  made,  with  the  following 
results — 

0-2282  gave  0-2488  silver  iodide.  Iodine  =  58-9  per  cent. 

0-2434     „     0-2656      „          „  „      =58-9  „  „ 

0-4995     „     0-5355      „          „  „      =57-9  „  „ 

0-5247     „     0-5734      „          „  „      -59-0  „  „ 

0-1630    „     0-1749      „         „  „     =58-0  „  „ 

0-3819     „     0-4117      „          „  „      =58-3  „  „ 
N(CH3)4OI  requires  I  =  58-5  per  cent. 

The  amount  of  nitrogen  in  the  salt  was  determined  by  combustion 
with  soda  lime,  the  percentage  of  nitrogen  found  =  6-69.  Calculated 
for  N(CH8)4OI,  N  =  6-45  per  cent. 

The  iodide  of  the  tetra-base  crystallises  in  white  plates.  When 
heated,  formaldehyde  is  evolved.  It  is  soluble  in  water  and  in  hot 
methylic  alcohol,  but  nearly  insoluble  in  cold  ethylic  alcohol  and  in 
ether.  It  is  decomposed  by  a  solution  of  caustic  potash  into  methylic 
alcohol  and  trimethyloxamine  in  accordance  with  the  following  equation : 

N(CH3)3OCH3I  +  NaOH  =  N(CH3)3O  +  CH8OH  +  Nal. 

When  an  aqueous  solution  of  the  salt  is  heated  for  an  hour  and  a 
half  at  150°  in  a  closed  tube,  formaldehyde  is  split  off,  and  trimethyl- 
amine  formed.  This  was  identified  by  the  analysis  of  its  platinichloride. 
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0-0605  gave  0-0223  Pt.     Pt  =  36  9. 

[X(CH3)3],,H.2PtCl6  requires  Pt  -  37-0  per  cent. 

When  heated  with  hydriodic  acid,  the  iodide  is  decomposed,  with 
formation  of  methylic  iodide  and  dimethylamine.  The  base  was 
recognised  by  the  analysis  of  the  platinichloride. 

0-0445  gave  0-0173  Pt.     Pt  =  38'9. 

[XH(CH5)3].2,H.2PtCl,;  requires  Pt  =  39"0  per  cent. 

In  this  reaction,  formaldehyde  is  also  produced — 

H3)3OCH3I  +  HI  =  XH(CH3),HI  +  CH,O  +  CH3I. 

It  is  therefore  clear  that  the  compound  contains  one  methoxyl  group. 

In  this  decomposition,  the  methoxyl  group  is  evidently  first  split  off, 
and  then  the  trimethyloxainine  decomposed  in  the  manner  described  in 
a  previous  section  of  this  paper. 

When  reduced  by  standing  with  zinc  dust  in  aqueous  solution,  the 
hydriodide  is  converted  into  trimethylamine — 

X  CH,  »8OCH3I  +  H  =  CH3OH  +  X(CH3)gHI. 

The  crystalline  platinichloride  of  the  amine  was  prepared  and 
analysed. 

0-0632  gave  0-0236  Pt.     Pt  =-  37-3. 

[X(CH3)3]2,H.2PtCl,,  requires  Pt  =  37'0  per  cent. 

Trimethylmethoxyammonium  chloride  was  prepared  by  decomposing 
an  aqueous  solution  of  the  iodide  with  silver  sulphate,  filtering,  and 
decomposing  the  sulphate  by  means  of  barium  chloride.  The  filtered 
liquid,  when  evaporated,  left  a  hygroscopic  residue  of  the  chloride 
which  crystallised  in  needles.  It  readily  formed  a  platinichloride, 
crystallising  in  orange-red,  feathery  needles,  which,  on  analysis,  furnished 
the  following  result — 

0-0644  gave  0-0213  Pt.     Pt  =  33-1. 

[X(CH3)4OCl],,PtCl4  requires  Pt  =  33'l  per  cent. 

The  aurichloride  is  almost  insoluble  in  cold  water  and  alcohol.  A 
well-crystallised  specimen  was  analysed. 

0-1833  gave  0-0848  Au.     Au  =  46-3. 

XiCH3)4OCl,AuCl3  requires  Au-46  per  cent. 

Trimtthylmethoxyammon iuni  Hydroxide,  (CH3)3X(OCH3)OH. 

The  free  base  has  so  far  been  obtained  only  in  aqueous  solution  by 
decomposing  a  solution  of  the  iodide  first  with  silver  sulphate  and  then 
decomposing  the  sulphate  thus  formed  with  baryta.  The  filtrate  was 
alkaline  to  litmus  paper.  That  it  contained  the  free  base  was  proved 


172  DUNSTAN   AND   GOULDING  :   THE   ACTION   OF 

by  neutralising  with  hydrochloric  acid,  and  converting  the  chloride 
into  the  platinichloride,  which  was  analysed.  In  order  to  isolate  the 
base,  the  alkaline  solution  was  distilled,  when  a  strongly  alkaline 
substance  collected  in  the  early  fractions ;  so  far,  however,  we  have 
not  been  able  to  prepare  the  substance  in  a  pure  state.  The  properties 
of  the  aqueous  solution  show  that  it  is  a  strongly  basic  substance. 
Further  attempts  will  be  made  to  isolate  it  in  a  state  of  purity. 

Action  of  Benzylic  Chloride  on  Trimethyloxamine. 

We  find  that  benzylic  chloride  reacts  with  trimethyloxamine,  forming 
benzaldehyde  and  trimethylamine,  which  by  further  reaction  passes 
into  benzyltrimethylammonium  chloride.  It  may  therefore  be  con- 
cluded that  in  the  action  of  methylic  iodide  on  trimethyloxamine,  the 
formaldehyde  is  derived  from  the  oxidation  of  the  methoxyl  group  of 
the  tetra-derivative  which  is  first  formed,  but  subsequently  in  great 
part  decomposed. 

Action  of  Ethylic  Iodide  on  Hydroxylamine;  Formation  of  fi-Diethyl- 

hydroxylamine. 

Unlike  the  case  of  methylic  iodide,  when  ethylic  iodide  is  added  in 
excess  to  a  solution  containing  about  10  per  cent,  of  hydroxylamine 
in  methylic  alcohol,  little  or  no  heat  is  evolved.  After  standing  in 
a  stoppered  bottle  for  a  day,  crystals  separate,  which  prove  to  be 
trihydroxylamine  hydriodide,  (NH2OH)3HI.  The  mother  liquor  is 
concentrated  to  a  small  volume  by  distilling  it  under  reduced  pressure 
on  the  water-bath,  by  which  means  the  liberation  of  iodine  is  avoided. 
On  cooling,  a  further  quantity  of  crystals,  chiefly  composed  of  the  same 
hydriodide,  separate  out.  The  residual  liquid  does  not  now  furnish 
any  crystals  either  by  further  concentration  or  by  the  addition  of 
ether  or  other  liquids.  After  several  trials,  the  following  process  was 
adopted  for  the  isolation  of  the  other  products  of  the  reaction. 

The  very  concentrated  solution  is  diluted  with  water,  and  a  strong 
solution  of  sodium  carbonate  added  in  slight  excess,  the  liquid  is  then 
repeatedly  extracted  with  ether  (free  from  acetone)  and  the  ethereal 
solution  dried  by  means  of  calcium  chloride.  By  careful  distillation 
of  the  ethereal  solution,  the  whole  of  the  ether  may  be  separated, 
leaving  an  oily  liquid  which,  when  distilled,  mostly  comes  over 
between  130°  and  134°. 

The  substance  thus  obtained  is  a  highly  refractive,  volatile  liquid 
having  a  distinctive,  rather  fragrant  odour.  Its  specific  gravity  is 
0-8771  at  IS0/!^0;  it  is  soluble  in  water,  and  mixes  with  alcohol  and 
ether  in  all  proportions,  the  aqueous  solution  being  strongly  alkaline  to 
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litmus.  When  the  solution  is  added  to  cupric  sulphate,  a  pale  blue 
precipitate  insoluble  in  excess  is  thrown  down  ;  on  very  gently  warming 
or  on  standing,  this  precipitate  suffers  reduction,  forming  cuprous  oxide, 
whilst,  on  the  addition  of  potash  solution  to  the  precipitate,  cuprous 
oxide  is  immediately  produced.  When  added  to  a  solution  of  silver 
nitrate,  a  white  precipitate  is  formed  which  at  once  turns  black  and 
quickly  becomes  metallic  silver,  forming  a  mirror  on  the  tube  even  in 
the  cold.  Mercuric  chloride  is  reduced  at  first  to  calomel  and  after- 
wards to  metallic  mercury.  Acetyl  chloride  acts  energetically  on  the 
substance,  forming  a  very  hygroscopic  hydrochloride  crystallising  in 
needles,  which  is  the  salt  of  an  acetyl  derivative. 

Of  the  salts  of  this  base,  the  oxalate  crystallises  most  readily.  It 
is  obtained  by  adding  an  ethereal  solution  of  anhydrous  oxalic  acid 
to  an  ethereal  solution  of  the  base ;  the  salt  crystallises  out  in  plates 
which  are  recrystallised  by  the  addition  of  ether  to  a  solution  in 
methylic  alcohol.  The  prismatic  crystals  rnelt  at  136-137  . 

On  precipitation  with  calcium  acetate, 

0-7398  gave  0-1560  CaO.     H.,C.,O4  =  33-65. 

[X(C.,H5)oOH].,,H:,C,O4  requires  H.,C2O4  =  3358  per  cent. 

When  a  solution  of  the  base  is  neutralised  with  hydrochloric  acid, 
and  the  liquid  evaporated  to  dryness  on  the  water-bath,  a  gummy, 
hygroscopic  residue  is  obtained  which  cannot  be  crystallised.  The 
platinichloride  could  not  be  obtained,  owing  to  the  powerful  reduc- 
ing action  of  the  substance,  platinum  being  invariably  precipitated. 
Metallic  gold  is  at  once  produced  when  a  solution  is  added  to  aqueous 
auric  chloride. 

When  an  aqueous  solution  of  the  base,  slightly  acidified  with  acetic 
acid,  is  heated  in  a  sealed  tube  to  170-180°  for  2  hours,  the  whole  of 
the  compound  is  decomposed,  the  liquid  containing  the  condensation 
products  of  acetaldehyde,  and  when  made  alkaline  and  distilled  into 
dilute  hydrochloric  acid,  the  hydrochloride  of  a  base  is  obtained  which 
exhibits  all  the  properties  of  ethylamine  hydrochloride.  It  crystal- 
lised in  needles,  was  deliquescent,  and  melted  on  the  water-bath.  The 
platinichloride  was  prepared  and  analysed. 

0-0452  gave  0-0176  Pt.     Pt  =  38'9. 

(NH2aH5)2)H.2PtCl6  requires  Pt  =  39-0  per  cent. 

"W  hen  the  oxalate  is  heated  for  about  an  hour  with  boiling 
hydriodic  acid,  no  ethylic  iodide  is  formed.  The  base  distilled  from 
the  residue  exhibited  all  the  properties  of  diethylamine.  The  platini- 
chloride was  prepared  and  analysed. 

0-1052  gave  0-0367  Pt,     Pt  =  34'9. 

[XH(C2H5)2]2,H2PtCl6  requires  Pt  =  35'l  per  cent. 
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There  is  therefore  no  doubt  that  the  principal  product  of  the  action 
of  ethylic  iodide  on  hydroxylamine  is  a  true  /3-diethylhydroxylamine, 
(C2H5)2N-OH. 

Ethylic  chloride  reacts  with  hydroxylamine  less  readily,  forming 
the  same  hydroxylamine  which  also  results  from  the  action  of  ethylic 
iodide  in  the  presence  of  sodium  ethoxide. 

A  diethylhydroxylamine  having  nearly  the  same  boiling  point  was 
prepared   by   Kissel   (J.  Riiss.   Chem.   Soc.,   1887,   109-113)    by    the 
action  of  zinc  ethyl  on  nitroethane ;  it  may  be  that  this  substance  is . 
identical  with  that  now  described,  although  Kissel  appears  to  have 
taken  a  different  view  of  its  constitution. 

The  /3-diethylhydroxylamine  now  isolated  is  isomeric,  not  identical 
with  either  of  the  two  diethylhydroxylamines  described  by  Lossen 
(Annalen  SuppL,  1868,  6,  238;  Annalen,  1889,  252,  230),  one  of  which 
is  undoubtedly  an  ethoxyl  derivative ;  the  constitution  of  the  other 
appears  to  be  doubtful. 

Action  of  Ethylic  Iodide  on  Diethylhydroxylamine  ;  Formation  of 
Triethyloxamine  (  Triethyloxyammonia) . 

When  an  excess  of  ethylic  iodide  is  added  to  an  ethereal  solution 
of  the  diethyl  base,  a  thick,  sticky  liquid  gradually  separates ;  this 
substance  proves  to  be  the  hydriodide  of  a  triethyl  compound.  It 
is  freely  soluble  in  water  and  alcohol,  but  insoluble  in  ether.  It  is 
gradually  decomposed  at  100°,  iodine  being  liberated;  so  far  it  has 
not  been  possible  to  crystallise  this  salt ;  the  base  was  separated  by 
exactly  the  same  process  which  has  been  described  in  connection  with 
the  trimethyl  base. 

It  is  a  colourless,  crystalline,  very  deliquescent  solid.  Its  aqueous 
solution  has  a  somewhat  soapy  smell  and  is  strongly  alkaline,  but 
does  not  reduce  Fehling's  solution.  When  added  to  aqueous  cupric 
sulphate,  a  pale  blue  precipitate  is  thrown  down.  With  silver  nitrate, 
it  furnishes  a  white  precipitate  which  blackens  when  warmed. 

The  hydrochloride  was  obtained  by  adding  barium  chloride  to  a 
solution  of  the  sulphate,  the  latter  having  been  produced  from  the 
hydriodide  by  the  action  of  silver  sulphate ;  it  crystallises  in  deli- 
quescent needles,  soluble  in  alcohol  and  in  water.  The  platinichloride 
is  best  prepared  by  mixing  alcoholic  solutions  of  the  hydrochloride 
and  platinic  chloride,  and  then  gradually  adding  ether,  when  the 
double  salt  crystallises  out.  It  is  very  soluble  in  water,  less  soluble 
in  methylic  alcohol,  and  still  less  in  ethylic  alcohol.  It  is  best 
recrystallised  from  a  mixture  of  equal  proportions  of  the  two  alcohols 
by  the  addition  of  ether.  On  analysis,  the  platinichloride  gave  the 
following:  result — 


ALKYL   HALOIDS   ON    HYDROXYLAMIXE  175 

0-0813  gave  0-024:8  Pt.     Pt  =  30-5. 

[(C2H5)3XO],,H2PtCl6  requires  Pt  =  30-3  per  cent. 

The  auricMoride,  (C2H5)3NO,HAuCL,  separates  as  an  oil,  which  has 
not  been  crystallised. 

The  sulphate  of  this  base  crystallises  in  rosettes  which  are  very 
deliquescent,  and,  like  the  other  salts,  it  decomposes  when  heated,  and 
even  becomes  coloured  when  kept  at  the  ordinary  temperature. 

The  picrate  is  precipitated  when  aqueous  solutions  of  picric  acid 
and  the  base  are  mixed.  It  crystallises  in  needles  melting  near  164'. 

When  a  solution  of  the  triethyloxamine  sulphate  is  heated  in  a 
closed  tube  at  200°,  condensation  products  of  acetaldehyde  are  formed 
in  the  liquid,  and  a  base  is  obtained  the  hydrochloride  (m.  p.  221°)  of 
which  is  soluble  in  alcohol  and  in  chloroform.  By  the  analysis  of  the 
platinichloride,  it  was  proved  to  be  diethylamine. 

0-0798  gave  0-0279  Pt.     Pt  =  35. 

[(C,H5),XH].,,HoPtClG  requires  Pt  =  35-l  per  cent, 

When  an  aqueous  solution  of  the  triethyl  base  is  allowed  to  stand 
for  some  days  with  zinc  dust,  the  solution  acquires  an  ammoniacal 
odour.  On  distilling  the  reduction  product  into  dilute  hydrochloric 
acid,  the  crystalline  hydrochloride  of  triethylamine  is  obtained,  and 
from  this  the  very  soluble  platinichloride  was  prepared  and  analysed. 

0-0518  gave  0-0165  Pt.     Pt  =  31'9. 

[X(C2H5)3]2,H2PtCl6  requires  Pt  =  31-9  per  cent. 

Triethylamine  was  also  formed  by  heating  the  base  with  concentrated 
hvdriodic  acid,  but  no  ethylic  iodide  was  formed. 

From  the  properties  and  reactions  described  above,  there  can  be  no 
doubt  that  the  substance  is  a  triethyloxamine.  corresponding  very 
closely  in  its  properties  with  the  trimethyloxamine  already  noticed. 
It  is  a  remarkable  point  of  difference  between  the  action  of  the  two 
alkyl  iodides  upon  hydroxylamine  that  the  methylic  compound  acts 
very  energetically  at  the  ordinary  temperature,  evolving  much  heat 
and  producing  at  once  the  trimethyloxamine ;  on  the  other  hand,  the 
action  of  ethylic  iodide  is  much  slower  and  less  energetic,  and  virtu- 
ally terminates  with  the  production  of  diethylhydroxylamine,  the 
triethyloxamine  being  only  obtained  in  quantity  by  the  action  of 
ethylic  iodide  upon  this  base.  It  is  also  interesting  to  notice  the 
great  instability  of  the  trialkylhydroxylamines,  N(CH3).,OCH3, 
N  (  H5)2OC2H..  Xeither  by  the  action  of  methylic  nor  of  ethylic 
iodide  have  these  substances  been  isolated ;  they  appear  to  change  imme- 
diately into  the  isomeric  tri-alkyloxamines,  (CH3)3N:O,  (C.,H5)3N:O. 

A  triethylhydroxylamine   represented  by  the   formula  (C0H, ;  N<  > 
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has  been  obtained  by  Bewad  (J.  Buss.  Chem.  Soc.,  1888,  20,  125)  by 
the  action  of  zinc  ethyl  on  nitroethane.  The  authors  have  repeated 
this  experiment,  and  have  obtained  a  fair  quantity  of  this  base,  which 
differs  markedly  from  the  triethyloxyammonia  now  described. 


Action  of  Normal  Propylic  Iodide  on  Hydroxylamine ;  Formation  of 
fi-Dipropylhydroxylamine. 

When  a  solution  of  hydroxylamine  in  methylic  alcohol  is  mixed 
with  normal  propylic  iodide  and  allowed  to  stand,  very  little  action 
occurs  even  after  24  hours.  On  heating  the  mixture  on  the  water- 
bath  for  about  3  hours,  and  then  concentrating  the  solution,  the 
hydriodides  of  hydroxylamine  crystallise  out ;  the  residual  liquid, 
which  furnishes  no  more  crystals  when  concentrated,  is  dissolved  in 
water,  made  alkaline  with  sodium  carbonate,  and  the  liquid  extracted 
with  ether.  The  ethereal  solution  of  the  base  is  now  dried  with 
calcium  chloride,  filtered,  and  mixed  with  an  ethereal  solution  of 
anhydrous  oxalic  acid;  The  white,  crystalline  precipitate  of  the 
oxalate  was  removed,  and  the  salt  recrystallised,  first  from  hot 
ethylic  alcohol,  and  afterwards  by  precipitating  a  solution  in  methylic 
alcohol  with  ether.  It  crystallises  in  rosettes  melting  at  139°.  It  is 
fairly  soluble  in  water  and  methylic  alcohol,  slightly  soluble  in  cold, 
but  readily  in  hot,  ethylic  alcohol.  The  aqueous  solution  is  strongly 
acid  to  litmus  paper.  By  analysis,  the  salt  is  proved  to  be  an  acid 
oxalate  of  dipropylhydroxylamine. 

0-3968  gave  0-1071  CaO.     H2C2O4  =  43-4. 

(C3H7)2NOH,H2C2O4  requires  H.jC2O4  =  43-5  per  cent. 

The  properties  ,of  the  base,  purified  by  means  of  the  acid  oxalate, 
have  been  carefully  studied ;  it  boils  between  153°  and  156°  with  very 
little  decomposition ;  it  is  a  colourless,  mobile  liquid,  having  a  curious 
peppermint-like  odour ;  it  is  readily  soluble  in  alcohol  and  ether,  less 
soluble  in  water.  The  aqueous  solution  is  strongly  alkaline,  acts  as 
a  powerful  reducing  agent,  and  behaves  with  solutions  of  cupric 
sulphate,  silver  nitrate,  and  mercuric  chloride  in  precisely  the  same 
manner  as  diethylhydroxylamine.  Acetyl  chloride  reacts  with  the 
base,  forming  a  crystalline  acetyl  derivative. 

When  reduced  with  zinc  dust  and  acetic  acid,  the  base  is  converted 
into  dipropylamine,  which  was  separated  by  distilling  with  an  alkali 
into  dilute  hydrochloric  acid.  Dipropylamine  hydrochloride  forms 
prismatic  crystals  readily  soluble  in  alcohol  and  chloroform ;  the 
platinichloride  is  soluble  in  water  and  alcohol,  and  crystallises  from 
a  mixture  of  alcohol  and  ether  in  prisms  melting  at  193-195°. 
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0-0679  gave  0-0217  Pt.    Pt  =  32. 

[NH(C3H7y2,H2PtCl6  requires  Pt  =  31-9  per  cent. 

It  is  therefore  proved  that  propylic  iodide  reacts  with  hydroxyl- 
amine,  forming  a  true  dipropylhydroxylainine,  X(C3H-).>OH,  and,  in 
this  respect,  its  action  resembles  that  of  ethylic  iodide. 

Action    of    Isopropylic    Iodide    on    Hydroxylamine;     Formation    of 
(3-D  i-isopropylhydroxylamine. 

A  solution  of  hydroxylamine  in  methylic  alcohol  was  mixed  with 
about  the  calculated  quantity  of  isopropylic  iodide  and  heated  on  the 
water-bath  for  about  12  hours,  when  the  action  seemed  to  be  at  an 
end.  The  solution  when  evaporated  furnished  a  considerable  quantity 
of  crystalline  hydriodides  of  hydroxylamine,  which  were  removed,  and 
the  residual  liquid  concentrated  until  its  consistence  was  almost 
syrupy  ;  it  was  then  mixed  with  water,  sodium  carbonate  added,  and 
the  base  extracted  by  repeated  shaking  with  ether  :  the  ethereal 
solution,  having  been  dried  with  calcium  chloride,  was  carefully 
distilled  and  the  residue  left  after  the  distillation  of  the  ether  was 
gradually  heated  in  a  paraffin  bath,  when  a  colourless,  mobile  liquid 
distilled  between  1373  and  142",  slight  decomposition  taking  place. 
This  liquid  was  then  redistilled  near  the  same  temperature. 

The  liquid  base  thus  prepared  has  a  curious  smell  closely  resembling 
that  of  Bewad's  triethylhydroxylamine.  Its  general  properties  agree 
very  closely  with  the  diethyl-  and  dipropyl-hydroxylamines.  It  is 
soluble  in  water  and  miscible  in  all  proportions  with  alcohol  and 
ether  ;  the  aqueous  solution  is  strongly  alkaline  to  litmus,  and  fumes 
in  contact  with  hydrochloric  acid.  It  reacts  with  solutions  of  copper 
sulphate,  silver  nitrate,  and  mercuric  chloride  in  exactly  the  same 
manner  as  the  diethyl  and  dipropyl  bases  already  described.  The 
salts  appear  to  be  extremely  difficult,  if  not  impossible,  to  crystallise. 
When  ethereal  solutions  of  oxalic  acid  and  the  base  are  mixed,  no 
precipitate  is  formed,  but  on  evaporation  the  oxalate  is  deposited  as  a 
sticky  liquid.  "When  dry  hydrogen  chloride  is  passed  into  the  ethereal 
solution  of  the  base,  the  sticky  liquid  collects  in  the  bottom  of  the 
vessel.  So  far  all  attempts  to  obtain  crystalline  salts  have  failed.  In 
order  to  ascertain  the  reduction  products  of  this  compound,  a  solution 
of  the  syrupy  oxalate  was  warmed  with  a  mixture  of  zinc  dust  and 
acetic  acid  :  after  the  addition  of  alkali,  the  mixture  was  distilled  into 
dilute  hydrochloric  acid,  and  this  solution  on  evaporation  left  the 
hydrochloride  entirely  soluble  in  chloroform  and  alcohol.  From  the 
latter  solvent,  it  crystallised  in  long,  silky  needles  and  showed  all  the 
properties  of  the  hydrochloride  of  di-isopropylamine.  The  platini- 
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chloride  dissolves  readily  in  water  and  in  alcohol.  On  adding  ether 
to  an  alcoholic  solution,  it  crystallises  in  orange-red  tablets  melting  at 
190-193°.  On  analysis,  this  salt  was  found  to  contain  31-9  per  cent, 
of  platinum,  which  is  that  required  by  the  formula  of  dipropylamine 
platinichloride,  [N  H(C8H7)2]2, H2PtCl6. 

These  results  prove  that  the  compound  obtained  by  the  action  of 
isopropylic  iodide  on  hydroxylamine  is  the  iodide  of  the  true  (3-di-iso- 
propylhydroxylamine,  (C3Hf)2NOH. 

An  account  of  the  action  of  methylic  iodide  on  hydroxylamine  has 
been  recently  given  by  Hantzsch  and  Hilland  (Ber.,  1898,  31,  2058). 
The  authors  are  apparently  unacquainted  with  our  paper  on  the 
subject  (Proc.,  1894,  10,  138),  which  contains  an  account  of  the 
properties  of  the  trimethyl  derivative  and  its  salts.  We  are  unable 
to  confirm  their  account  of  the  properties  of  the  trimethyloxamine 
hydriodide,  which,  contrary  to  their  experience,  we  find  to  be,  when 
pure,  a  perfectly  stable  salt,  which  does  not  gradually  decompose  with 
the  separation  of  iodine.  Neither  can  we  confirm  the  statement  that 
this  salt,  when  dried  in  the  desiccator,  contains  £H0O.  Contrary  to 
their  statement  that  the  sulphate  cannot  be  obtained  in  a  solid  state, 
we  find  that  it  crystallises  readily  when  an  aqueous  solution  is 
evaporated  on  the  water-bath.  Hantzsch  and  Hilland  assert  that  the 
crystalline  base  described  by  us  in  our  former,  and  also  in  our  present, 
paper  is  really  the  carbonate.  We  are  quite  unable  to  confirm  the 
results  of  their  experiments  on  this  point,  and  many  of  their  statements 
seem  to  us  to  be  inconsistent.  We  have  repeated  our  experiments 
with  this  base  since  their  paper  appeared,  and  we  are  satisfied  with  the 
correctness  of  our  former  conclusion,  that  the  crystalline  material  is  a 
hydrated  base  and  not  a  carbonate.  The  analytical  data  recorded  in 
the  present  paper  are  sufficient  to  prove  that  this  is  the  case,  although 
other  facts  may  be  mentioned  which  quite  negative  their  conclusion. 
The  aqueous  solution  does  not  effervesce  with  acids,  neither  does  it 
give  any  precipitate  with  baryta  water ;  moreover,  the  same  crystalline 
substance  may  be  obtained  by  carefully  decomposing  the  hydriodide 
with  silver  hydroxide  and  evaporating  the  solution.  The  properties 
of  the  base  itself,  which  Hantzsch  and  Hilland  only  obtained  in 
aqueous  solution,  do  not  at  all  agree  with  our  observations.  We  do 
not  find  that  its  aqueous  solution  is  an  energetic  reducing  agent, 
neither  can  we  confirm  the  statement  that  it  rapidly  absorbs  carbon 
dioxide  from  the  air  or  distils  with  steam.  We  believe  that  the 
reducing  action  is  a  consequence  of  the  impurity  of  the  substance, 
which  was  probably  contaminated  with  hydroxylamine.  We  are 
unable  to  confirm  the  statement  that  the  base  reduces  Fehling's 
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solution,  or  that  it  liberates  iodine  from  potassium  iodide ;  neither  do 
we  find  that,  on  the  addition  of  an  alkali  to  the  aqueous  solution, 
trimethylamine  is  produced.  We  are  therefore  obliged  to  reject  the 
theoretical  conclusion  of  Hantzsch  and  Hilland  that  trirnethyloxy- 
ammonium  hydrate  is  stable  only  in  an  entirely  ionised  state,  in  the 
form  of  its  ions  N(CH3)3  and  OH,  and  that  in  proportion  as  it  is 
converted  into  the  non-ionised  state,  XH(CH3)3(OH),  as,  for  example, 
by  the  hydroxyl  ions  of  the  alkalis,  it  is  decomposed  into  trimethyl- 
amine and  hydrogen  peroxide. 

From  a  careful  study  of  the  properties  of  the  pure  base,  we  conclude 
that  there  is  no  evidence  to  show  that  the  oxygen  atom  is  in  the 
"  active  "  condition  analogous  to  that  of  the  oxygen  atom  in  hydrogen 
peroxide,  and  in  this  respect  therefore  differs  from  the  alkylpiperidine 
oxides  described  by  Weruick  and  Wolffenstein  (£er.,  1898,  31,  1553). 
The  oxamines  now  described  correspond  precisely  in  their  general 
properties  with  those  of  the  dimethylaniline  oxide  prepared  by  Bam- 
berger  and  Tschirner  by  the  action  of  hydrogen  peroxide  on  dimethyl- 
aniline  (Ber.,  1899,  32,  3421).  It  will  be  seen,  therefore,  that  we 
entirely  question  the  accuracy  of  Hantzsch  and  Hilland's  observations 
on  the  properties  of  the  trimethyl  derivative  of  hydroxylamine 
described  by  us  in  1894. 

The  same  authors  have  examined  the  action  of  ethylic  iodide  on 
hydroxylamine ;  they  conclude  from  their  experiments  that,  even  in 
the  presence  of  excess  of  ethylic  iodide,  the  monethyl  derivative  is 
formed.  This  is  quite  contrary  to  our  experience,  for  we  have  never 
been  able  to  detect  the  formation  of  any  mono-/3-ethylhydroxylamine 
in  the  product  of  this  reaction,  which,  as  we  show  in  the  present  paper, 
results  in  the  formation  of  /3-diethylhydroxylamine. 

Hantzsch  and  Hilland's  conclusion  appears  to  be  based  on  a  single 
analysis  of  the  hydriodide,  which  they  state  crystallises  from  the 
alcoholic  solution  after  the  hydroxylamine  hydriodides  have  separated. 
It  does  not  appear  that  the  salt  was  even  recrystallised  before  analysis. 
We  are  convinced  that  the  method  used  for  the  separation  of  the 
supposed  ethylhydroxylamine  would  be  quite  insufficient  for  the 
separation  of  a  pure  hydriodide  of  a  substituted  hydroxylamine  from  the 
accompanying  hydroxylamine  salts.  We  have  indeed  repeated  the 
experiment  in  exactly  the  manner  described  in  their  paper;  the 
crystalline  substance  thus  obtained,  proved  not  to  be  a  substituted 
hydroxylamine  at  all,  but  apparently  a  compound  of  hydroxylamine 
and  ammonium  iodides.  In  order  to  identify  the  supposed  /3-ethyl- 
hydroxylamine,  Hantzsch  and  Hilland  caused  it  to  react  with 
paranitrobenzaldehyde,  when  they  state  that  the  N-ethyl-ether  of 
paranitrobenzaldoxime  is  obtained  melting  at  123\  We  have  repeated 
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this  experiment  with  the  product  prepared  by  their  method,  but  have 
obtained  only  paranitrobenzaldoxime,  melting  at  127°,  which  had  no 
doubt  been  produced  by  reaction  with  the  hydroxylamine  contained  in 
the  supposed  monethylhydroxylamine.  The  account  given  by  Hantzsch 
and  Hilland  of  the  properties  of  the  base  and  of  its  salts  is  very 
meagre  and  highly  suggestive  of  an  impure  material. 

Lachman  (Ber.,  1899,  32,  27)  has  recently  pointed  out,  in  opposition 
to  the  criticism  of  Hantzsch  and  Hilland,  that  he  has  obtained  the 
triethylhydroxylamine  by  the  method  described  by  Bewad,  in  which 
zinc  ethyl  reacts  with  nitroethane,  and  that  it  has  the  properties 
attributed  to  it  by  him.  This  also  is  the  experience  of  the  present 
writers,  who  have  pointed  out  above  that  Bewad's  derivative  is 
isomeric,  and  not  identical,  with  the  triethylhydroxylamine  described 
in  the  present  communication. 

The  authors  have  found  that  the  substituted  hydroxylamines  and 
examines  now  described  may  be  prepared  by  the  direct  action  of 
hydrogen  peroxide  on  the  corresponding  amines.  An  account  of  their 
results  will  be  given  in  another  paper. 


The  Action  of  Hydrogen  Peroxide  on  Secondary  and 

Tertiary  Aliphatic  Amines.    Formation  ofAlkylated 

Hydroxylamines  and  Oxamines.1 

By  WYNDHAM  R.  DUNSTAN  and  ERNEST  GOULDING. 

IN  a  recent  paper  (Trans.,  1899,  75,  792;  also  this  vol.  p.  165)  the 
authors  have  given  an  account  of  the  reaction  of  alkyl  haloids  with  hydr- 
oxylamine. They  have  shown  that  methylic  iodide  and  hydroxylamine 
react,  forming  trimethylamine  oxide  or  trimethyloxamine  (CH3)3N:0, 
whilst  ethylic  iodide  forms  at  first  ft-diethylhydroxylamine,  (C2H5)2N'OH, 
and,  by  further  action,  triethyloxamine,  (C0H5)3N:0.  Similarly,  ft-dipro- 
pylhydroxylamine  and  ft-di-isopropylhydroxylamine  are  formed  by  the 
reaction  of  hydroxylamine  with  propylic  and  isopropylic  iodide  re- 
spectively;  the  corresponding  oxamines  have  not  yet  been  obtained 
by  this  method.  The  constitution  assigned  by  us  to  these  oxamines, 
as  isomerides  of  the  trialkylated  hydroxylamines,  suggested  the 
possibility  that  they  might  be  produced  by  the  direct  oxidation  of  the 

1  Reprinted  from  the  Journal  of  the  Chemical  Society,  1899,  75,  1004. 
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corresponding  trialkylated  amines,  of  which  they  may  be  regarded  as 
the  oxides.  Moreover,  it  seemed  likely  that  even  substituted  hydroxyl- 
amines  might  be  produced  by  the  direct  oxidation  of  primary  and 
secondary  amines.  The  authors  have  shown  ground  for  the  sup- 
position that  the  production  of  trialkylated  examines,  R3N:O,  is 
probably  preceded  by  the  formation  of  the  corresponding  trialkylated 
hydroxylamines,  R0X'OR,  which,  being  unstable,  at  once  change  into 
the  isomeric  oxamiues.  Moreover,  they  have  proved  that  the  first 
product  of  the  action  of  ethylic  iodide  on  hydroxylamine  is  not  di- 
ethyloxamine,  but  diethylhydroxylamine. 

Experiment  has  shown  that  this  direct  oxidation  of  the  amines  may 
be  effected  by  means  of  hydrogen  peroxide.  In  this  way,  trimethyl- 
amine,  triethylamine  and  tripropylamine  have  been  converted  into  the 
corresponding  oxamines,  whilst  diethylamine  has  been  converted  into 
/?-diethylhydroxylamine,  an  example  of  the  direct  oxidation  of  a 
residue  of  ammonia  into  one  of  hydroxylamine,  and,  similarly,  di- 
propylamine  has  been  directly  oxidised  into  /3-dipropylhydroxylamine. 

The  method  is,  doubtless,  capable  of  further  extension  to  the  direct 
oxidation  of  other  nitrogen  compounds,  and  the  authors  have  already 
made  a  number  of  preliminary  experiments  in  this  direction.  It  has  not 
been  found  possible,  however,  by  direct  oxidation  to  convert  a  primary 
amine  into  a  mono-alkylated  hydroxylamine,  and  all  experiments  made 
with  the  view  of  directly  converting  ammonia  into  hydroxylamine 
have  failed.  So  far,  it  appears  that  hydrogen  peroxide  is  capable  of 
adding  one  atom  of  oxygen  to  the  nitrogen  of  tertiary  amines,  and  of 
converting  the  hydrogen  atom  of  secondary  amines  Into  a  hydroxyl 
group. 

As  has  been  pointed  out  in  a  previous  paper  (foe.  cit.),  the  alkylated 
oxamines  closely  resemble  in  their  properties  the  dimethylaniline 
oxide  which  has  been  recently  prepared  by  Bamberger  and  Tschirner 
(Ber.,  1899,  32,  3421),  by  acting  on  dimethylaniline  with  hydrogen 
peroxide.  On  the  other  hand,  they  differ  considerably  from  the 
alkylpiperidine  oxides  described  by  Wernick  and  Wolffenstein  (Ser., 
1898,  31,  1553;  1899,  32,  688)  as  resulting  from  the  action  of 
hydrogen  peroxide  on  alkylated  piperidines,  which  are  stated  to 
liberate  iodine  from  potassium  iodide. 

A  close  analogy  may  be  traced  between  these  oxamines  and  the 
alkylated  oxyphosphines,  oxyarsines,  and  oxystibines. 

The  method  now  described  for  the  preparation  of  the  oxamines 
is  very  easy  to  carry  out  and  gives  an  excellent  yield.  It  is  on 
this  account  to  be  preferred  to  the  process  by  which  the  authors  pre- 
pared the  first  member  of  this  series  of  compounds,  namely,  by  the 
action  of  methylic  iodide  on  hydroxylamine,  inasmuch  as  this  involves 
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a  troublesome  separation  of  the  examine  from  the  salts  of  hydroxyl- 
amine  which  accompany  it. 

Action  of  Hydrogen  Peroxide  on  Trimethylamine.     Formation  of 
Trimethyloxamine,   (CH3)3N:O. 

An  aqueous  solution  of  trimethylamine  containing  about  3  grams  of 
the  base  was  mixed  with  the  calculated  quantity  of  hydrogen  peroxide 
(60  c.c.  of  a  3  per  cent,  solution,  previously  freed  from  sulphuric  acid 
by  shaking  with  barium  carbonate)  and  the  mixture  was  allowed  to 
stand  for  24  hours  at  the  ordinary  temperature.  The  ammoniacal 
smell  of  the  trimethylamine  gradually  disappeared. 

The  solution  was  concentrated  to  a  small  volume  (about  20  c.c.)  by 
distillation  under  reduced  pressure.  On  the  addition  of  dilute  hydro- 
chloric acid  in  slight  excess,  some  evolution  of  nitrous  fumes  occurred, 
indicating  the  presence  of  a  nitrite.  The  acidified  solution  was 
evaporated  on  the  water-bath  until  the  volume  was  reduced  to  about 
5  c.c.  On  cooling,  a  salt  crystallised  out  which  closely  resembled  the 
hydrochloride  of  trimethyloxamine.  The  crystals  were  removed,  washed 
with  ethylic  alcohol,  and  recrystallised  from  hot  methylic  alcohol.  On 
concentrating  the  mother  liquor,  more  of  the  same  salt  was  obtained 
and  purified  in  the  same  manner.  The  whole  of  the  purified  material 
was  then  again  recrystallised  from  hot  methylic  alcohol,  washed  with 
ethylic  alcohol,  drained  on  a  porous  tile,  and  dried  in  the  water-oven. 
The  properties  of  this  salt  were  precisely  those  of  the  trimethyl- 
oxamine hydrochloride  previously  described  by  the  authors. 

0-2522  furnished  0-3228  AgCl.     Cl  =  31-7 

(CH3)3NO,HC1  requires  01  =  31-8  per  cent. 

The  platinichloride  was  prepared  and  recrystallised  from  methylic 
alcohol.  Its  properties  agreed  with  those  of  the  trimethyloxamine  salt. 

0-1401  gave,  on  ignition,  0-0486  Pt.     Pt  =  34'6. 

[(CH8)8NO]2,H2PtCl6  requires  Pt  =  34'8  per  cent. 

The  aurichloride  crystallised  from  hot  water  in  yellow  octahedra. 

0'0995  of  a  recrystallised  specimen  gave  0-0471  Au.     Au  =  47'3. 
(CH3)3NO,HAuCl4  requires  Au  =  47'5  per  cent. 

The  hydrated  base,  (CH3)8N:0  +  2H9O,  was  prepared  by  the  addition 
of  moist  silver  oxide  to  a  solution  of  the  hydrochloride  in  just  sufficient 
quantity  to  remove  the  whole  of  the  chlorine.  The  solution  was 
filtered  and  evaporated  nearly  to  dryness  on  the  water-bath.  On 
cooling,  the  base  crystallised  rapidly  in  radiating  needles  in  the  manner 
characteristic  of  trimethyloxamine. 

This  substance  was  strongly  alkaline  to  litmus,  and  possessed  all  the 
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properties    of   trimethyloxamine,    showing   the    same    reactions    with 
silver  nitrate,  cupric  sulphate,  and  ferrous  sulphate. 

The  action  of  hydrogen  peroxide  on  an  aqueous  solution  of  tri- 
methylamine  constitutes  the  best  method  of  preparing  trimethyl- 
oxamine, which  was  first  obtained  by  the  authors  by  the  action  of 
hydroxylamine  on  methylic  iodide. 

Action  of  Hydrogen  Peroxide  on  Triethylamine.     Formation  of 

Triethyloxamine,  (C.2H5)3:N":O. 

Three  grams  of  triethylamine  were  mixed  with  34  c.c.  of  a  3  per  cent, 
solution  of  hydrogen  peroxide  (these  quantities  being  in  approximately 
molecular  proportion)  and  allowed  to  stand  with  occasional  agitation 
for  24  hours.  The  oily  base  completely  disappeared.  When  the  solu- 
tion was  evaporated  on  the  water-bath,  a  thick,  colourless  liquid  was 
obtained,  which  was  strongly  alkaline  to  litmus,  and  crystallised  after 
remaining  for  several  days  in  a  vacuous  desiccator.  This  substance 
exhibited  all  the  reactions  of  the  triethyloxamine  obtained  by  the 
action  of  ethylic  iodide  on  diethylhydroxylamine.  It  formed  an  apple- 
green  precipitate  with  solution  of  cupric  sulphate,  which,  on  warming, 
subsided  as  a  pale  blue  powder.  With  solution  of  silver  nitrate,  a 
white  precipitate  was  produced,  reduced  to  metallic  silver  on  heating. 
When  a  solution  of  the  base  was  added  to  solution  of  ferrous  sulphate, 
it  immediately  became  reddish-brown,  and  ferric  hydroxide  separated. 

In  a  second  experiment,  the  triethylamine  was  mixed  with  6  per 
cent,  solution  of  hydrogen  peroxide.  After  shaking  for  a  few  minutes, 
the  solution  became  quite  warm,  and  the  layer  of  triethylamine  rapidly 
grew  smaller  and  finally  disappeared.  On  evaporating  the  solution, 
the  triethyloxamine  remained  as  a  thick,  colourless  liquid. 

In  order  to  completely  characterise  the  oxamine,  the  following  salts 
were  prepared — 

The  hydrochloride,  (C0H5)3NO.HC1,  was  obtained  as  a  sticky  liquid, 
which  crystallised  in  the  desiccator  in  deliquescent  needles. 

The  ptatinichloride,  [(C0H5)3XO].,.H.,PtCl^  is  very  soluble  in  water 
and  methylic  alcohol,  slightly  soluble  in  cold  ethylic  alcohol,  but  more 
soluble  in  hot.  After  recrystallising  twice  from  hot  ethylic  alcohol, 
the  platinum  was  determined  by  ignition. 

0-1231  gave  0-0372  Pt.     Pt  »  30-2. 
0-0549     „     0-0167  Pt.     Pt  =  30-4. 

[(C,H5)3XO],.H,PtCL  requires  Pt  =  30'3  per  cent. 

The  aurichloride,  /C  TI  XC^HAuCl^  separates  as  an  oil  when  auric 
chloride  is  added  to  a  solution  of  the  hydrochloride.  It  is  somewhat 
soluble  in  hot,  but  very  sparingly  soluble  in  cold  water. 
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The  picrate,  (C0H5)3NO,C6H.2(NO2)3OH,  is  obtained  as  a  pale  yellow 
precipitate  when  a  cold  saturated  solution  of  picric  acid  is  added  to 
an  aqueous  solution  of  triethyloxamine.  This  salt  is  soluble  in  hot 
water  and  crystallises  on  cooling  in  fine,  yellow  needles  which  soften 
above  160°  and  melt  at  164°. 

0-3355  gave  0-5098  CO2  and  0-1587  H0O.     0  =  41-44  ;  H  =  5'26. 
(C2H5)8NO,C6H2(N02)8OH  requires  0  =  41-62;  H  =  5-20  per  cent. 

The  following  experiment  was  made  in  order  to  ascertain  the  extent 
to  which  the  formation  of  triethyloxamine  takes  place. 

One  gram  of  triethylamine  was  mixed  with  6  c.c.  of  6  per  cent, 
solution  of  hydrogen  peroxide.  After  standing  for  about  24  hours, 
cold  saturated  aqueous  picric  acid  solution  was  added  in  excess.  The 
precipitate  was  collected  on  a  tared  filter,  dried,  and  weighed. 
2 '5  grams  were  thus  obtained.  It  was  found  that  triethyloxamine 
picrate  is  soluble  to  about  the  extent  of  0'6  gram  in  100  c.c.  of  water 
at  the  temperature  at  which  the  experiment  was  carried  out ;  hence 
the  filtrate  (which  measured  150  c.c.)  contained  about  0'9  gram  of  the 
picrate  in  solution.  The  total  weight  of  picrate  formed  was  there- 
fore 3-4  grams,  which  is  exactly  that  required  by  the  equation 
(C2H5)3N  +  O  =  (C0H6)3NO,  so  it  may  be  concluded  that  the  reaction 
takes  place  quantitatively. 

Action  of  Hydrogen  Peroxide  on  Tripropylamine.     Formation  of 
Tripropyloxamine,  (C3IL)3N:O. 

Owing  chiefly  to  its  insolubility,  tripropylamine  is  scarcely  at  all 
attacked  by  an  aqueous  solution  of  hydrogen  peroxide.  If,  however, 
the  base  is  dissolved  in  alcohol,  it  can  be  readily  oxidised  and  con- 
verted into  its  oxamine.  The  following  plan  has  been  found  to 
answer  best. 

About  4  grams  of  tripropylamine  are  dissolved  in  30  c.c.  of 
ethylic  alcohol,  16  c.c.  of  hydrogen  peroxide  (6  per  cent.)  are  added, 
and  the  mixture  is  warmed  for  about  12  hours  at  60°.  The  liquid 
is  distilled  under  reduced  pressure  until  about  two-thirds  have  passed 
over.  The  syrupy  residue,  if  placed  in  a  vacuous  desiccator,  soon 
becomes  very  thick,  and  finally  crystallises  in  radiating  needles,  which 
dissolve  readily  in  water  and  alcohol,  but  are  insoluble  in  ether. 

As  thus  obtained,  tripropyloxamine  is  a  very  hygroscopic  substance 
which  acts  as  a  strong  base  ;  it  is  alkaline  to  litmus,  and  combines 
energetically  with  acids,  forming  well-defined  salts.  It  has  a  bitter 
taste. 

The  hydrochloride,  (C3H7)3NO,HC1,  may  be  obtained  by  adding 
hydrochloric  acid  to  a  solution  of  the  base  and  evaporating  to  dryness. 
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The  gummy  residue  soon  crystallises  on  standing.  The  salt  is  readily 
soluble  in  water,  alcohol,  and  chloroform,  but  is  insoluble  in  ether.  It 
is  best  purified  by  precipitating  it  by  the  addition  of  ether  to  an 
alcoholic  solution.  When  heated,  it  gradually  softens,  and  is  com- 
pletely melted  at  about  90°. 

The  picrate.  (C3H-)3XO,C,,Ho(NO0)3OH,  is  a  characteristic  salt  which 
is  precipitated  when  an  aqueous  solution  of  picric  acid  is  added  to  a 
solution  of  the  base.  It  is  remarkable  in  being  nearly  insoluble  in 
cold  water.  Hot  water  dissolves  it,  and  crystals  separate  on  cooling 
which  melt  at  129". 

The  platinichloride,  [(C3H-)3XO]2,H.,PtCl6,  is  nearly  insoluble  in 
cold  water,  but  crystallises  readily  from  hot  water  in  orange-red 
prisms  melting  at  174-175°.  This  salt,  recrystallised  from  water, 
was  analysed  with  the  following  result — 

0-1377  gave  0-0368  Ft.     Pt  =  26'73. 

[(C3Hr)3NO]2,H.,PtClr)  requires  Pt  =  26-76  per  cent. 

The  aurichtoride,  (C3H-)3NO,HAuCl4,  is  precipitated  as  an  oil  when 
auric  chloride  is  added  to  a  solution  of  the  hydrochloride.  From  warm 
water  it  crystallises  in  golden  spangles.  This  salt  is  slightly  soluble 
in  cold  water,  rather  more  soluble  in  hot  water,  and  readily  dissolved 
by  alcohol.  On  analysis,  a  specimen  dried  at  100'  furnished  the 
following  result — 

0-0871  gave  0'0342  An.     Au  -  39'3. 

(C3H-)3XO,HAuCl4  requires  Au  =  39'5  per  cent. 

Tripropyloxamine  exhibits  generally  the  same  properties  and  re- 
actions as  the  trimethyl-  and  triethyl-oxamines  already  described. 
With  copper  sulphate  it  furnishes  a  pale  blue  precipitate,  with  ferrous 
sulphate  it  produces  ferric  hydroxide,  undergoing  reduction,  whilst  it 
readily  reduces  solution  of  silver  nitrate.  It  does  not  liberate  iodine 
from  potassium  iodide  or  show  any  other  evidence  of  being  a  powerful 
oxidising  agent. 

Action  of  Hydrogen  Peroxide  on  Dimethylamine. 

Two  grams  of  dimethylamine  (in  33  per  cent,  aqueous  solution) 
were  mixed  with  25  c.c.  of  hydrogen  peroxide  (6  per  cent,  solution). 
After  standing  for  a  short  time,  the  solution  became  warm  and  smelt  of 
formaldehyde ;  small  quantities  of  oxygen  were  continuously  evolved. 
After  24  hours  all  the  hydrogen  peroxide  had  disappeared,  but  it 
was  found  that  only  about  half  of  the  dimethylamine  had  been 
attacked.  The  chief  products  of  oxidation  appeared  to  be  nitrous 
acid,  formic  acid,  and  formaldehyde.  No  /?-dimethylhydroxylamine, 
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corresponding  to  the  products  of  the  action  of  hydrogen  peroxide  on 
diethylamine  and  dipropylamine,  could  be  detected.  The  solution  con- 
tained a  small  quantity  of  a  substance  which,  after  boiling  with  dilute 
acid,  reduced  Fehling's  solution  in  the  cold,  but  it  was  present  in  too 
small  amount  to  be  identified. 

Action  of  Hydrogen  Peroxide  on  Diethylamine.     Formation  of 
(3-Diethylhydroxylamine,  (C0H5)0N'OH. 

Diethylamine  was  dissolved  in  the  calculated  quantity  of  solution 
of  hydrogen  peroxide  (6  per  cent.)  and  the  mixture  allowed  to  stand 
at  the  ordinary  temperature  for  24  hours.  The  whole  of  the  hydrogen 
peroxide  had  then  disappeared,  and  the  solution  had  become  slightly 
yellow,  and  had  acquired  the  characteristic  odour  of  /3-diethylhydroxyl- 
amine,  (C.,H5)0N'OH.  The  liquid  was  shaken  with  ether,  the  ethereal 
solution  dried  with  calcium  chloride,  and  the  ether  carefully  distilled 
off.  The  residue  was  a  very  basic  liquid,  having  all  the  properties  of 
/3-diethylhydroxylamine,  and  giving  the  same  reactions  with  solutions 
of  cupric  sulphate,  silver  nitrate,  and  mercuric  chloride. 

When  an  ethereal  solution  of  anhydrous  oxalic  acid  was  added  to  an 
ethereal  solution  of  the  base,  the  oxalate  of  /3-diethylhydroxylamine, 
[(C.,H5)0N'OH]0,H.,C0O4,  was  precipitated,  which,  after  recrystallisation, 
melted  at  136-137°,  and  exhibited  the  crystalline  form  and  properties 
characteristic  of  that  salt,  as  described  in  a  previous  paper  (loc.  cit.). 
A  determination  of  the  oxalic  acid  gave  the  following  result — 

0-2143  of  salt  gave  O0443  CaO.     H2C,O4  -  33-2. 

[(C2H5)2N-OH],,H,C,O4  requires  H2C2O4  =  33-6  per  cent. 

The  yield  of  /3-diethylhydroxylamine  furnished  by  this  reaction  is 
probably  not  more  than  about  50  per  cent,  of  that  required  by  the 
equation  (C2H5)2NH  +  O  =  (C2H5)2N-OH. 

Action  of  Hydrogen  Peroxide  on  Dipropylamine.     Formation  of 
fi-Dipropylhydroxylamine,  (C3H7)9N'OH. 

Dipropylamine  was  mixed  with  the  calculated  quantity  of  hydrogen 
peroxide  (6  per  cent.)  and  allowed  to  stand  for  24  hours  with  occa- 
sional agitation.  It  was  found  that  no  hydrogen  peroxide  remained, 
and  that  a  substance  had  been  produced  which  reduced  Fehling's 
solution  in  the  cold  and  possessed  the  curious  odour  characteristic  of 
/8-dipropylhydroxylamine.  The  mixture  was  extracted  with  ether, 
and  the  ethereal  solution  dried  with  calcium  chloride.  The  ether  was 
distilled  off  and  an  oily  residue  remained. 

To    1    gram  of   this   residue   a  strong,  warm,  aqueous   solution  of 
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1  gram  of  oxalic  acid  was  added.  The  solution  was  concentrated  on 
the  water-bath,  and  on  cooling  a  salt  crystallised  out  in  rosettes  of 
plates.  The  crystals  were  removed  from  the  mother  liquor,  washed 
with  a  little  cold  water  and  alcohol,  and  recrvstallised  from  warm 
alcohol.  The  recrystallised  salt  melted  at  139D,  was  acid  to  litmus, 
and  exhibited  all  the  characters  of  the  acid  oxalate  of  /3-dipropyl- 
hydroxylamine,  (C3H7)oX-OH,H.,CoO4.  A  determination  of  the  oxalic 
acid  gave  the  following  result — 

0-3430  gave  0*0928  CaO.     H;C.,O4  =  43-5. 

(C3H7),N-OH,H,C.,O4  requires  H2C.,O4  =  43-5  per  cent. 

.  The  free  base  exhibited  the  reactions  with  cupric  sulphate,  mercuric 
chloride,  and  silver  nitrate  which  have  been  described  for  /3-dipropyl- 
hydroxylamine  in  the  authors'  previous  paper  (loc.  cit.). 

The  yield  was  only  about  50  per  cent,  of  that  required  by  the 
equation  (C8H7)2NH  +  O  =  (C3H:).2N-OH. 

In  conclusion,  we  may  remark  that  we  have  tried  a  number  of 
experiments  on  the  action  of  hydrogen  peroxide,  under  different 
conditions,  on  ammonia  and  its  salts,  in  the  hope  of  effecting  the 
production  of  hydroxylamine.  All  these  experiments  have,  however, 
been  unsuccessful.  It  has  not  been  possible  in  any  case  to  detect  the 
presence  of  hydroxylamine  in  the  product. 

With  regard  to  the  possibility  of  producing  monosubstituted 
hydroxylamines  by  the  oxidation  of  primary  amines,  all  experiments 
have  been  unsuccessful,  the  primary  amine  being  completely  decom- 
posed, forming  nitrous  acid  among  other  products.  It  has  been 
observed  also  that  primary  amines  are  not  rapidly  attacked  by 
hydrogen  peroxide  at  the  ordinary  temperature.  Experiments  have 
also  been  made  with  numerous  other  amines  and  amino-derivatives, 
as  a  rule  with  little  or  no  result.  Ethylenediamine,  however,  is 
vigorously  decomposed  by  hydrogen  peroxide,  and  the  products  of  the 
change  are  now  under  investigation. 
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The  Action  of  Alkalis  on  the  Nitro-compounds  of  the 
Paraffin  Series.     Part  II.  Reactions  and  Constitu- 
tion of  Methazonic  Acid  and  the  Mode  of 
Formation  of  Isoxazoles.1 

By  WYNDHAM  B.  DUNSTAN  and  ERNEST  GOULDING. 

IN  1891  (Trans.,  1891,  59,  410),  one  of  us,  in  conjunction  with  Mr. 
T.  S.  Dymond,  gave  an  account  of  the  action  of  alkalis  on  the  nitro- 
compounds  of  the  paraffin  series.  We  showed  that,  in  the  case  of 
nitroethane  and  primary  nitropropane,  trimethyl-  and  triethyl- 
isoxazole  respectively  are  formed.  With  nitromethane  and  secondary 
nitropropane  no  isoxazole  is  formed,  and  the  reaction  appears  to 
follow  a  different  course.  The  mechanism  of  the  change  by  which  the 
isoxazole  is  formed  from  the  nitro-compound  was  at  the  time  not  clear, 
and  the  discussion  was  therefore  postponed. 

In  the  present  paper  an  account  is  given  of  the  mode  of  action  of 
alkalis  on  nitromethane  and  on  secondary  nitropropane,  whilst  what 
we  believe  to  be  a  satisfactory  suggestion  as  to  the  probable  course  of 
the  remarkable  action  of  alkalis  on  the  nitroparaffins  generally  is  put 
forward. 

Action  of  Alkalis  on  Nitromethane. 

In  the  paper  referred  to  above,  it  is  pointed  out  that  no  isoxazole 
can  be  isolated  from  the  product  of  the  action  of  aqueous  alkalis 
on  nitromethane.  A  very  vigorous  change  occurs,  the  mixture 
becoming  warm,  dark-coloured,  and  finally  almost  black.  A  nitrite  is 
produced,  together  with  much  cyanide  and  a  considerable  quantity  of 
resin,  and  also  a  compound  having  acid  properties,  of  which  we  are 
now  able  to  give  a  full  description. 

Action  of  Ammonia  on  Nitromethane. — The  action  of  ammonia  is  the 
least  vigorous  and  best  adapted  for  the  study  of  the  products  of  the 
change.  When  nitromethane  stands  in  contact  with  strong  aqueous 
ammonia  for  several  hours,  the  liquid  becomes  dark  brown  and  deposits 
a  crystalline  substance.  The  small  crystals  thus  obtained  are  coloured, 
and  very  difficult  to  purify.  The  following  plan  has  been  found  to 
answer  best. 

Twenty  c.c.  of  nitromethane  contained  in  a  small  bottle  are  mixed 
with  8  c.c.  of  strong  aqueous  ammonia,  and  ammonia  gas  is  then  passed 

1  Reprinted  from  the  Journal  of  the  Chemical  Society,  1900,  77,  1263. 
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into  the  mixture  until  it  is  completely  saturated.  The  bottle  is  now 
stoppered  and  kept  at  a  temperature  not  exceeding  10°  for  about  a 
day,  the  crystals  which  have  separated  are  removed  and  reduced  in 
the  moist  state  to  a  fine  powder.  This  powder  is  drained  on  a  porous 
tile  and  dried  by  exposure  to  air.  The  residual  liquid  is  again 
saturated  with  ammonia  gas  and  allowed  to  stand,  the  crystals  being 
then  removed,  powdered,  and  dried  as  before.  This  process  is  repeated 
until  the  whole  of  the  nitromethane  has  disappeared.  By  this  means 
20  c.c.  of  nitromethane  furnish  about  12  grams  of  the  crystalline 
substance. 

By  washing  with  aqueous  ammonia  the  crystals  may  be  obtained 
quite  colourless,  but  this  method  of  purification  is  very  wasteful  owing 
to  the  loss  by  solubility.  The  crystals  are  soluble  in  methyl  alcohol, 
less  soluble  in  ethyl  alcohol  and  nearly  insoluble  in  ether  or  chloroform. 
When  heated,  they  decompose  with  production  of  hydrogen  cyanide. 
When  ferric  chloride  is  added  to  an  aqueous  solution  it  produces  a 
purplish-brown  colour  which  is  discharged  by  heating  or  by  dilute 
acids.  Ammonia  is  liberated  by  the  action  of  cold  aqueous  potash. 
The  crystals  are  therefore  evidently  the  ammonium  salt  of  an  acid. 

0-1442  gave  44  c.c.  nitrogen  at  24"  and  764  m.m.     N  =  34-3. 
CoH3O3X./XH4  requires  X  =  34 -7  per  cent. 

Silver  nitrate  produces  an  abundant  pale  yellow  precipitate  in  an 
aqueous  solution.  This  silver  salt  thus  obtained  is  purified  by  washing 
with  water  and  alcohol,  after  which  it  is  dried  by  exposure  to  the  air. 
If  heated  near  100",  it  explodes.  It  is  readily  dissolved  by  dilute 
nitric  acid  or  by  ammonia.  On  analysis  it  furnished  the  following 
results — 

0-2630  gave  0-1080  CO.,  and  0-0424  H0O.     C  =  ll-2;  H  =  l-8. 

0-3722     „     0-1575  CO~    „    0-0576  H~O.     0  =  11-5;  H  =  1-7. 

0-1280     „     15  c.c.  moist  nitrogen  at  1~9°  and  760  m.m.     N  =  13-2. 

0-2266     „     26  c.c.     „  „        at  193    „    766  m.m.     N=13-2. 

0-2041     „     0-1373  AgCl.     Ag  =  50'6. 
C2H3O3X2Ag  requires  C  =  11-3;  H=l-4:  X  =  13'2;  Ag  =  5M  per  cent. 

Mercuric  chloride  produces  in  a  solution  of  sodium  methazonate  a 
yellow  precipitate  which  is  chiefly  composed  of  basic  mercuric  methazon- 
ate. This  salt  explodes  when  heated,  and  is  converted  by  dilute  hydro- 
chloric acid  into  a  soluble,  crystalline  mercuric  methazonate.  The  lead 
salt  is  insoluble,  and  explodes  on  heating. 

Methazonic  Acid. 

The  acid  is  readily  isolated  from  the  ammonium  salt  by  mixing  a 
strong  aqueous  solution  with  the  equivalent  quantity  of  dilute  sulphuric 
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acid  and  extracting  with  ether.  The  ethereal  solution  is  dried  with 
calcium  chloride  and  evaporated  in  a  vacuum.  By  this  means  an  acid 
crystallising  in  plates  is  isolated,  which  very  readily  changes  into  a  red 
resin.  It  is  best  purified  by  recrystallisation  from  warm  benzene  or 
chloroform.  The  acid  may  be  obtained  from  the  silver  salt  by  the 
same  means.  It  is  identical  with  the  methazonic  acid  briefly  described 
by  Lecco  (JBer.,  1876,  9,  705)  as  resulting  from  the  action  of  alcoholic 
soda  on  nitromethane ;  little  or  nothing,  however,  was  recorded  as  to 
its  reactions  or  constitution. 

Methazonic  acid  crystallises  in  colourless  plates  which  are  easily 
soluble  in  water,  alcohol,  ether,  acetone,  warm  benzene,  or  chloroform. 
It  is  strongly  acid  to  litmus  and  to  methyl-orange,  and  effervesces  in 
contact  with  alkali  carbonates.  When  quite  pure,  the  acid  is  colour- 
less, but  on  standing  it  soon  becomes  dark  red,  and  in  a  short  time 
almost  completely  changes  into  a  red  resin.  It  melts  between  60°  and 
70°,  the  precise  melting  point  depending  on  the  rate  of  heating.  Dur- 
ing the  heating"  the  substance  suffers  decomposition,  becoming  at  first 
red;  as  the  heating  is  continued,  the  colour  darkens,  and  at  about  100° 
gas  is  evolved  and  water  is  deposited  on  the  cool  parts  of  the  tube. 
At  about  110°  the  substance  suddenly  decomposes  explosively,  evolving 
hydrogen  cyanide  and  some  nitrous  fumes,  a  black  residue  remaining. 

Action  of  Acids  and  Alkalis. — Numerous  experiments  have  been  con- 
ducted on  the  action  of  acids  and  alkalis  on  the  acid  and  its  salts. 
The  results  justify  the  conclusion  that  the  substance  is  decomposed, 
by  hydrolysis  following  internal  oxidation,  into  carbon  dioxide,  hydr- 
oxylamine,  and  hydrocyanic  acid,  as  shown  by  the  following  equation — 

,  or  diagrammatically, 


(1)  H2C-NH 

HON:OO 

(2)  O:C:NOH  +  H2O   =   C02  +  ]SrH2-OH. 

The  silver  salt  was  boiled  with  hydrochloric  acid  (20  per  cent.)  for 
3  hours  in  a  flask  with  an  upright  condenser  attached  to  a  bottle 
containing  soda  solution ;  in  this  solution,  both  carbonate  and  cyanide 
were  found,  whilst  the  residual  acid  liquid  in  the  flask  when 
evaporated  furnished  hydroxylamine  hydrochloride  together  with 
some  red  resin.  The  same  products,  together  with  a  little  formic 
acid,  are  obtained  by  heating  the  ammonium  salt  with  sulphuric  acid 
(50  per  cent.). 

0-2272  gram  of  pure  methazonic  acid  was  mixed  with  concentrated 
hydrochloric  acid  and  boiled  for  about  an  hour.  The  hydroxylamine 
in  the  residue  was  estimated  by  decinormal  iodine  solution  in  the 
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presence  of  magnesia.  It  was  proved  that  0-0693  gram  of  hydroxyl- 
amine  had  been  produced,  which  is  about  96  per  cent,  of  that  required 
by  the  equation  given  above. 

When  heated  with  aqueous  alkalis,  methazonic  acid  is  decomposed, 
furnishing  hydroxylamine,  carbonate,  and  cyanide.  If  the  heating 
is  continued,  nitrate  and  ammonia  are  also  produced  from  the 
decomposition  of  the  hydroxylamine. 

0-1549  gram  of  the  pure  acid  dissolved  in  water  (free  from  carbon 
dioxide)  was  mixed  with  baryta  water  andj  the  mixture  heated  in 
a  sealed  tube  for  4  hours  at  100' ;  the  precipitate  of  barium 
carbonate  was  washed  from  the  tube,  converted  into  sulphate  and 
weighed. 

0-332  gram  of  barium  sulphate  was  obtained,  equivalent  to  0*0627 
gram  of  carbon  dioxide,  which  is  95-7  per  cent,  of  that  required  by 
the  equation  given  above.  It  is  therefore  clear  that  alkalis  and  acids 
produce  similar  changes  in  the  compound. 

Oxidation  and  Reduction. — On  oxidation  with  permanganate  in 
either  acid  or  alkaline  solution,  the  same  products  were  invariably 
obtained,  namely,  carbon  dioxide,  hydrogen  cyanide,  and  nitric  acid. 
The  same  result  ensues  when  chromic  acid  or  hydrogen  peroxide  is 
used  as  the  oxidising  agent.  Many  experiments  have  been  made  on 
the  slow  reduction  of  methazonic  acid  in  the  hope  of  obtaining  a 
definite  nearly  related  reduction  product.  Sodium  amalgam,  sodium 
in  moist  ethereal  solution,  zinc  dust  and  water,  zinc  and  tin  with 
dilute  hydrochloric  acid,  as  well  as  other  reducing  agents  have  been 
tried.  In  every  case  the  same  products  were  obtained,  namely, 
ammonia  and  formic  acid  together  with  more  or  less  resin.  No  trace 
of  either  ethylenediamine  or  methylamine  could  be  found.  It  therefore 
seems  probable  that  hydrolysis  preceded,  or  accompanied,  reduction  in 
all  these  cases. 

Red  Resin. — The  red  resin  which  is  so  readily  formed  from  meth- 
azonic acid  is  apparently  very  closely  related  to  it  in  constitution,  since 
it  furnishes  the  same  products  on  hydrolysis,  reduction,  and  oxidation. 
It  is  probably  a  condensation  product  formed  by  the  elimination  of 
water  or  possibly  a  polymeride. 

Action  of  Alkyl  Iodides  on  Silver  Jfethazonate. — When  ethyl  or 
methyl  iodide  is  added  to  silver  methazonate  suspended  in  ether, 
reaction  slowly  occurs  with  separation  of  silver  iodide.  On  filtering 
and  evaporating  the  solution  in  a  vacuous  desiccator  a  reddish-brown 
resin  is  obtained  in  which  long,  needle-shaped  crystals  are  imbedded. 
The  crystals  may  be  extracted  by  warm  benzene  and  obtained  from 
this  solution  almost  colourless.  The  yield,  however,  is  extremely  small, 
and  it  appears  that  the  alkyl  salts,  C2HS(CH,)O8X2,C2H,(C _  H  «  >  N  . 
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of   methazonic   acid    are   even    more   unstable   than   the   acid   itself, 
readily  changing  into  resinous  products. 

Constitution  of  Methazonic  Acid.  —  Lecco  has  suggested  that  meth- 

CH  *NO 

azonic  acid  is  an  anhydride,   I     2     ^>O,  formed  from  two  molecules 

' 


of  nitromethane.     This  formula  is,  however,  clearly  inadmissible. 

The  reactions  of   the  acid   described  above  lead  to  the  conclusion 
that  the  constitution  of  methazonic  acid  is  represented  by  the  follow- 
H2C-NH 


ing  formula,  HO'N:C.  O    ,  which  satisfactorily  explains  the  formati 

O 
of  the  products  obtained  by  hydrolysis,  reduction,  and  oxidation. 


Action  of  Alkalis  on  Secondary  Nitropropane. 

Secondary  nitropropane  is  much  less  readily  attacked  by  alkalis 
than  the  primary  nitro-compound.  On  heating  with  excess  of  aqueous 
soda  in  a  closed  tube  for  2  hours  at  115°,  the  liquid  still  contained 
some  unaltered  nitropropane.  The  products  of  the  action  are  acetone, 
nitrous  acid,  and  hydroxylamine,  together  with  a  small  quantity  of 
hydrogen  cyanide.  If  the  liquid  is  acidified,  propylpseudonitrole  is 
obtained,  owing,  no  doubt,  to  the  action  of  nitrous  acid  on  the  un- 
changed nitro-compound.  As  stated  in  the  paper  already  referred  to, 
no  isoxazole  is  formed  by  the  action  of  alkalis  on  secondary  nitro- 
compounds. 

Mechanism  of  the  Action  of  Alkalis  on  Nitroparaffins. 

In  the  previous  paper  (loc.  cit.}  it  was  pointed  out  that  the  remarkable 
action  of  alkalis  on  nitroparaffins  "  cannot  be  satisfactorily  explained 
if  the  usual  formula  for  nitroethane  be  rigidly  adhered  to,"  but  that  an 
explanation  could  be  found  if  the  tautomeric  formula,  containing  a 
hydroxyl  group,  were  employed. 

Since  this  was  written,  Nef  (Annalen,  1894,280,  263)  has  published 
an  important  paper  on  the  constitution  of  the  salts  of  nitroparaffins, 
in  which  he  supposes  that  their  reactions  can  only  be  explained  by 
adopting  the  view  that  the  metal  takes  the  place  of  the  hydrogen  of 
the  hydroxyl  group  attached  to  nitrogen  in  the  tautomeric  formula 
of  the  nitro-compound.  Thus  for  sodium  nitroethane  the  formula 
CHg'CHINO'ONa  is  suggested,  and  for  the  sodium  salt  of  secondary 
nitropropane  the  formula  (CH3)2C!NO'ONa. 

The  experimental  evidence  which  Nef  has  brought  forward  in  sup- 
port of  the  tautomeric  formula  for  the  salts  of  nitroparaffins  appears 
to  us  to  be  very  strong,  and  his  view  seems  to  be  much  more  in  accord- 
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ance  with  the  facts  than  the  assumption  of  V.  Meyer  that  the  metal  is 
joined  to  the  carbon  owing  to  the  influence  exercised  by  the  negative 
nitro-group  on  the  hydrogen  which  is  united  to  the  same  carbon  atom. 
The  evidence  for  Xef's  formula  may  be  summarised  as  follows  — 
(i)  When  the  cold  aqueous  solution  of  the  salt  of  a  nitroparaffin  is 
decomposed  with  cold  dilute  acids  the  nitroparaffin  is  regenerated  to  a 
very  small  extent,  the  greater  part  of  it  being  decomposed  into  nitrous 
oxide  and  an  aldehyde  (from  primary  compounds)  or  a  ketone  (from 
the  secondary  compounds)  in  accordance  with  the  following  equations  — 

1.  2R'-CH:XOOXa  +  2HC1  =  2R''CHO  +  X.O  +  H.,O  +  2XaCl. 
•2.  2R',C:XOOXa  +  2HC1  =  2R'.,CO  +  X2O  +  H,O  +  2XaCl. 


This  mode  of  decomposition  indicates  that  the  salts  have  not  the 
same  constitution  as  the  original  nitro-compounds,  for  if  this  were  the 
case,  on  the  addition  of  acid  they  would  be  completely,  reconverted  into 
them. 

Xef  found  that  the  sodium  salt  of  nitroethane  is  almost  quantita- 
tively decomposed  by  dilute  sulphuric  acid  in  accordance  with  the 
above  equation.  This  renders  it  probable  that  the  first  product  of 
the  action  of  the  dilute  acid  on  sodium  nitroethane  is  the  tautomeride, 
CH3'CHIXOOH,  which  then  undergoes  intramolecular  oxidation 

thus  2CH3-CH:XOOH  =  2CH3-CHO  -  ^.     ?!(  =  N.,O  +  H.,O). 

.N  'OM 

The  sodium  salts  of  nitromethane  and  secondaiy  nitropropane 
behave  in  a  precisely  similar  manner.  Moreover,  when  the  mercuric 
chloride  derivative  of  nitroethane,  C.,H4(HgCl)XO.>,  is  mixed  with 
hydrochloric  acid,  nitrous  oxide  and  acetaldehyde  are  produced,  but  no 
nitroethane. 

(ii)  If  aqueous  mercuric  chloride  is  added  to  an  aqueous  solution  of 
sodium  nitromethane,  mercuric  fulminate  is  formed. 

Xef  has  suggested  that  mercuric  nitromethane  is  first  produced  and 
by  intramolecular  oxidation  loses  water,  passing  into  mercuric  fulminate. 

CH0IN-Ohg  =  CX-Ohg  +  H.,0     (hg  -  iHg). 
O 

Xef  has  adduced  additional  facts  in  support  of  this  constitution  of 
the  fulminate,  in  particular  the  production  of  monochloroformoxime  by 
the  action  of  dilute  hydrochloric  acid,  whilst  more  recently  Scholl  (Eer., 
1899,  32,  3492)  has  confirmed  this  formula  by  showing  that  benz- 
aldoxime  is  produced  by  the  action  of  mercuric  fulminate  on  benzene 
in  the  presence  of  aluminium  chloride. 

(iii)  By  the  action  of  methyl  iodide  on  the  silver  salt  of  dinitroethane 
formaldehyde  and  ethylnitrolic  acid  are  produced.  This  is  most  simply 

II.  O 
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explained  by  supposing  that  the  methyl  ether  of  dinitroethane  is  first 
formed  and  then  underoes  intramolecular  oxidation. 


NO2    0  NO2 

By  the  same  supposition,  the  action  of  ethyl  iodide  on  silver 
dinitroethane  forming  acetaldehyde  and  ethylnitrolic  acid  may  be 
explained. 

Although  Victor  Meyer  (£er.,  1895,  28,  202)  still  maintained  the 
correctness  of  his  formula  for  the  metallic  derivatives  of  the  nitro- 
paraffins,  it  must  be  admitted  that  all  the  experimental  evidence 
produced  by  Nef  very  strongly  supports  the  alternative  contention 
that  these  compounds  should  be  regarded  as  derivatives  of  the 
tautomerides  of  the  nitroparaffins. 

We  are  therefore  justified  in  assuming  the  correctness  of  this 
tautomeric  formula  in  discussing  the  mechanism  of  the  remarkable 
reactions  of  alkalis  and  nitroparaffins  first  described  by  one  of  us  in 
1891. 

It  has  been  shown  that  when  nitroethane  is  warmed  with  aqueous 
alkali,  trimethylisoxazole,  acetonitrile,  and  nitrous  acid  are  formed  in 
the  proportions  given  by  the  equation  — 

4C2H6-N02  =  C6H0ON  +  CH3'CN  +  2HNO2  +  3H2O. 
Representing    the    sodium    salt    of    nitroethane    by    the    formula 


o, 

the  existence  of  oxygen  doubly  linked  to  nitrogen 

enables  the  compound  to  act  as  a  powerful  oxidising  agent. 
CH3-CH:N-ONa 

\°    if) 
CH3-C|H!:'N-ONa  =  CHg'CHINONa  +  2NaN02  +  H20  +  2CH3'C. 


;O 

The  sodium  derivative  of  acetaldoxime  is  thus  formed,  together 
with  sodium  nitrite  and  a  residue  (CH3*C)2.  Sodium  acetaldoxime 
dissociates  in  the  presence  of  water  and  the  oxime  tends  to  change 
into  its  tautomeric  form,  CEL'CH'NH, 

NO/ 

CH3-CH:iSr-ONa  +  H2O    =    CH3-CH-NH  +  NaOH, 

'"  ......  o 

and  this  then  joins  itself  on  to  the  CH3'C  residues,  forming  trimethyl- 
isoxazoline, 
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CH,-CH-XH 
i       i 
O 

C/H3'C — C  'CU3 

which,  in  the  presence  of  unaltered  sodium  nitroethane,  is  immediately 
oxidised,  forming  trimethylisoxazole  and  acetaldoxime. 


\/  U 

XH 

3  i       i         3    +    CH3-CH-NH    -f    NaOH. 

3*  v  Xo/ 

x 

The  dehydration  of  this  acetaldoxime  accounts  for  the  production  of 
the  acetonitrile, 

CH3-CH-XH  -  H0O   =   CH,-CX. 


Thus,  starting  with  the  tautomeric  formula  of  nitroethane,  we  can 
at  any  rate  now  understand  how  the  remarkable  reaction  described  in 
the  former  paper  may  take  place.  The  phases  of  the  action  may  be 
summarised  thus — 


ii 
O 

-•  CH*-CH:TrOXa  +  C.Hll0>-  =  CH3.CH:N-OH  +  C.H,OX  +  XaOH. 
O 

3fT-r  •riTT*v.r>»"p"        P"TT  .p\r  i  TT  c\ 
.    Lxl.,  Cxl.JS  U±l    —    i-/±l.^  L--N  +  ±±.-,U, 

O  O  «          ' 

or  in  one  equation, 

C6H  ,OX  4  CH3-CX  -f  2XaXO,  +  2XaOH  +  H,O, 

V-/1 

which  agrees  precisely  with  that  given  in  the  previous  paper  as  the 
result  of  experiment. 

With  nitromethane  the  result  is  very  different,  the  action  of  alkalis 
producing  no  isoxazole,  but  instead  methazonic  acid.  The  formation 
of  this  compound  can,  however,  be  understood  if  the  tautomeric  for- 
mula is  adopted.  The  sodium  salt  of  nitromethane  being  H0CIXOOXa, 
in  aqueous  solution  it  would  react  by  intermolecular  oxidation  according 
to  the  following  scheme — 
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H2C:NONa 


iH2!C:N-ONa 

;  .     *'          ||  Vy 

o 

The  sodium  salt  of  formaldoxime  thus  generated  will  be  dissociated 


into  the  tautomeric  form  of  the  oxime,       \/        which,  condensing 

with  the  nitromethane  residue,  will  form  the  sodium  salt  of  methazonic 
acid, 

H2ONH         rCIN-ONa  H2C—  NH 

\O        +        O  =    NaONIC—  O     ' 

0 

The  different  behaviour  of  the  sodium  salt  of  secondary  nitro- 
propane  furnishing  acetone,  nitrite,  and  hydroxylamine  when  acted  on 
by  alkalis  may  be  explained  by  its  greater  stability  owing  to  the 
absence  of  the  CH  or  CH2  group  which  makes  it  less  susceptible  of 
intermolecular  oxidation. 

It  is  probable  that  the  decomposition  takes  place  by  hydrolysis, 

(CH3)2C:N-OH  +  H2O     =     (CH3)0CO  +  H2:N-OH 
O  "  0 

the  "  oxy-hydroxylamine  "  undergoing  immediate  decomposition  with 
the  production  of  hydroxylamine  and  nitrous  acid, 

H2:N-OH 
iO  "10 


The  Reduction  of  Nitroparaffins  and  their  Salts. 

In  the  foregoing  discussion,  the  reduction  of  the  metallic  derivatives 
of  nitro-compounds  to  those  of  oximes  is  assumed  to  be  possible.  It 
has  been  previously  stated  (Dunstan  and  Dymond,  Proc.,  1894,  10,  139) 
that  by  the  reduction  of  the  nitroparaffins  under  certain  conditions, 
the  corresponding  aldoximes  and  ketoximes  are  apparently  produced, 
and  it  was  suggested  that  these  may  possibly  be  intermediate  products 
between  the  nitro-compounds  and  the  substituted  hydroxylamines,  the 
formation  of  which  has  been  observed  by  V.  Meyer,  Bamberger,  and 
others. 

In  order  to  further  elucidate  this  question,  we  have  carried  out  a 
number  of  experiments  on  the  reduction  of  the  oximes,  but  in  no  case 
has  the  formation  of  any  substituted  hydroxylamine  been  observed. 
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It  therefore  appears  probable  that  the  substituted  hydroxylamines 
obtained  by  the  reduction  of  nitro-compounds  are  not  derived  from 
previously-formed  oximes,  and,  moreover,  our  results  seem  to  indicate 
that  the  oximes  and  hydroxylamines  are  not  produced  together,  but 
each  separately  and  under  different  conditions.  The  nitro-compounds 
themselves  (reduction  in  acid  or  neutral  solution)  yield  the  hydroxyl- 
amines, whilst  their  salts  (reduction  in  alkaline  solution)  furnish  the 
oximes  (or  their  reduction  products).  This  may  be  readily  demonstrated 
by  warming  a  few  drops  of  nitroethane  with  either  zinc  dust  and 
dilute  acid  or  with  zinc  dust  and  water.  After  a  minute  or  two  the 
solution  when  filtered  is,  found  to  reduce  Fehling's  solution  power- 
fully in  the  cold,  owing  to  the  action  of  /3-ethylhydroxylamine.  On  the 
other  hand,  if  nitroethane  is  dissolved  in  solution  of  caustic  soda  and 
reduced  with  zinc  dust,  the  filtered  liquid  has  no  reducing  property. 

These  results  are  in  accordance  with  the  view  that  the  salts  of  the 
nitroparaffins  possess  a  different  configuration  from  that  of  the  nitro- 
compounds  themselves.  The  first  stage  of  the  reduction  of  the  nitro- 
parafiins  and  of  their  salts  may  therefore  be  expressed  by  the  following 
equations  — 

2H2     =     E/-CH2-NH-OH  +  H.,O. 

(j8-Hydroxylamine.  ) 


R'-CHIN-OM'  +  H,     =     R'-CHIN-OH  +  M'OH. 

O  (Oxime.  ) 

Since  the  suggestion  above  mentioned  was  published,  two  cases  have 
been  recorded  in  which  nitro-compounds  have  been  directly  reduced  to 
the  corresponding  oximes.  Hantzsch  and  Schultze  (Ber.,  1896,  29, 
2252)  have  shown  that  phenylnitromethane,  when  reduced  in  alkaline 
solution  with  zinc  dust  or  sodium  amalgam,  yields  syw-benzaldoxime. 
Bamberger  and  Weiler  (J.  pr.  Chem.,  1898,  ii,  58,  333)  obtained 
2-amino-3  :  5-dimethylbenzaldoxime  by  reducing  2-nitro-3  :  5-dimethyl- 
phenylnitromethane  (w-2-dinitromesitylene)  by  means  of  sodium  amal- 
gam. It  is  noteworthy  that  in  each  case  the  reduction  is  effected  in 
an  alkaline  solution. 
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Tlie  Action  of  Alkyl  Haloids  on  Aldoximes  and  Ketox- 

imes.     Part  II.     Alkylated  Oximes  and  iso-Oximes, 

and  the  Constitution  of  Aliphatic  Oximes.1 

By  WYXDHAM  R.  DUNSTAN  and  EKNEST  GOULDING. 

IN  a  previous  paper  (Trans.,  1897,  71,  573  ;  also  this  vol.  p.  157)  we  have 
shown  that  by  the  direct  action  of  alkyl  iodides  on  aldoximes  and 
ketoximes,  alkyl  derivatives  are  obtained  in  which  the  alkyl  group  is 
joined  to  the  nitrogen  atom,  the  true  ethers  of  the  oximes  not  being 
formed  under  these  conditions.  The  cases  investigated  were  form- 
aldoxime,  acetaldoxime,  acetoxime,  and  acetophenoxime,  whilst  that  of 
benzaldoxime  had  been  previously  examined  at  the  suggestion  of  one  of 
us  by  Luxmoore  (Trans.,  1896,  69,  183).  It  is  already  known  that  in 
the  presence  of  sodium  methoxide,  certain  oximes  furnish  chiefly  the 
isomeric  ethers  in  which  the  alkyl  group  is  joined  to  oxygen,  but 
these  derivatives  in  the  aliphatic  series  are  at  present  little  known. 
Beckmann  (Ber.,  1889,  22,  429)  obtained  the  first  of  the  alkyl 
nitrogen  derivatives  from  benzaldoxime,  whilst  Goldschmidt  (Ber., 
1890,  23,  2163)  showed  that  aromatic  oximes  sometimes  furnish  both 
isomerides  when  acted  upon  by  an  alkyl  iodide  in  the  presence  of 
sodium  methoxide. 

In  the  present  paper  we  give  an  account  of  the  action  of  several 
alkyl  iodides  on  representative  aldoximes  and  ketoximes  in  the  presence 
of  sodium  methoxide.  We  show  that  under  these  circumstances  both 
isomerides  are  invariably  produced,  the  quantity  of  each  depending  on 
the  nature  of  the  oxime  and  of  the  alkyl  iodide  used.  We  give  an 
account  of  the  properties  and  reactions  of  the  alkyl-nitrogen  and  alkyl- 
oxygen  derivatives  of  acetoxime,  acetophenoxime,  and  acetaldoxime, 
obtained  through  the  action  of  methyl,  ethyl,  and  propyl  iodides  in  the 
presence  of  sodium  methoxide.  We  prove  that  the  one  set  of  deriva- 
tives in  which  the  alkyl  group  is  joined  to  nitrogen  (sometimes  clumsily 
designated  "  nitrogen  ethers  ")  are  to  be  regarded  as  derived  from  an 
isomeric  or  tautomeric  isooximido-form  of  the  oximes,  that  is,  for 
aldoximes, 

R-CH-NH  R-CH-NR1 

V  V 

isoAldoxime.  Alkyh'soaldoxime. 

1  Reprinted  from  the  Journal  of  the  Chemical  Society,  1901,  79,  628. 


ALKYL    HALOIDS   OX    ALDOXIMES   AXD    KETnXIMEx  199 

and  for  ketoximes, 

R,C  -  XH  R9C 


isoKetoxime.  Alkylisoketoxime. 

On  hydrolysis,  these  derivatives  furnish  the  corresponding  aldehyde 
or  ketone,  and  a  /3-substituted  hydroxylamine,  CH3-CH-X-CH3  +  H.,O 

\)/ 

=  CHyCHO  +  X(CH3)H-OH,  whilst  on  reduction  by  the  usual  methods 
they  furnish  an  amine  of  the  substituted  alkyl  group,  and  again  the 
aldehyde  or  ketone.  If  special  precautions  are  taken  in  effecting  the 
reduction,  the  corresponding  secondary  amines  are  obtained.  It  is 
remarkable,  as  was  pointed  out  in  our  previous  paper,  that  these  com- 
pounds in  which  the  alkyl  groups  are  joined  to  nitrogen  are  extremely 
unstable,  and  are  usually  obtained  in  combination  with  sodium  iodide. 
Attempts  to  free  them  from  combination  with  sodium  iodide  in  the 
presence  of  water  usually  leads  to  immediate  hydro". 

On  the  other  hand,  the  true  ethers  have  been  obtained  in  the  free 
state  as  liquids  possessing  considerable  stability.  They  behave  as 
derivatives  of  the  ordinary  oxinie  in  which  the  alkyl  replaces  the 
hydrogen  in  the  hydroxyl  group,  and  is  consequently  in  union  with 
oxygen. 

R-CH:XOH  R-CH:X-ORI 

Aldoxime.  Alkyl  ether. 

R2c:x-oH  R,C:X-ORI 

Ketoxime.  Alkyl  ether. 

Their  hydrolysis,  which  is  more  difficult  to  accomplish  than  that  of 
their  isomerides,  results  in  the  production  of  an  aldehyde  or  ketone 
and  an  a-substituted  hydroxylamine,  CH3'CHIX-OCH3  +  H.,O  = 
CH3-CHO  -f  HX.,-OCH3.  Corresponding  products  are  obtained  on 
reduction. 

The  fact  that,  under  the  conditions  described,  two  varieties  of  alkyl 
derivatives  may  be  obtained  from  aldoximes  and  ketoximes  strongly 
supports  the  •view  that  these  oximes  are  capable,  under  certain  condi- 
tions, of  existing  in  tautomeric  or  isomeric  forms  corresponding  with 
the  general  formulae  given  above,  a  view  to  which  we  have  already 
called  attention. 

The  observation  that  the  direct  action  of  an  alkyl  haloid  on  an 
oxime  results  in  the  production  of  the  alkyl  {^ooxime,  leads  to  the 
conclusion  that  the  wooximido-  is  probably  the  normal  configuration  of 
an  oxime,  the  oximido-form  being  induced  by  the  presence  of  alkali, 
and  probably  determined  by  the  formation  of  a  "  salt."  The  facility 
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with  which  these  metallic  derivatives  are  dissociated  accounts  for  the 
fact  that  the  isomeric  alkyl  isooximes  are  also  produced  in  presence  of 
sodium  methoxide,  no  doubt  by  direct  action  of  the  alkyl  iodide  on  the 
regenerated  oxime. 

Action  of  Methyl  Iodide  on  Acetoxime  in  presence  of  Sodium  Methoxide. 
Methylacetoxime  and  Methylisoacetoxime. 

9 '2  grams  of  sodium  were  dissolved  in  methyl  alcohol,  and  a  solution 
of  acetoxime  (29 '2  grams)  was  added.  Methyl  iodide  (56 '8  grams)  was 
gradually  introduced  into  the  mixture  contained  in  a  flask  connected 
with  a  reflux  condenser.  Action  occurred  at  once  with  considerable 
rise  in  temperature.  When  the  whole  of  the  methyl  iodide  had  been 
added,  and  the  vigorous  action  had  subsided,  the  flask  was  heated  on 
the  water-bath  for  half-an-hour. 

The  product  was  now  distilled.  The  first  fraction  (about  30  c.c.), 
which  was  collected  separately,  contained  a  substance  of  fragrant  odour, 
which  proved  to  be  the  methyl  ether  of  acetoxime,  (CH3)2C:NOCH3. 
In  order  to  isolate  this  compound,  the  distillate  was  saturated  with 
powdered  calcium  chloride,  and  after  standing  for  24  hours  was  dis- 
tilled. The  distillate  was  again  mixed  with  calcium  chloride  and 
redistilled.  The  final  product  thus  obtained  was  a  colourless,  mobile 
liquid  of  characteristic  odour,  which  boiled  at  72-72-5°.  The  yield 
of  this  compound  is  very  small,  and  does  not  amount  to  much  more 
than  6-7  per  cent,  of  the  acetoxime  employed. 

Acetoxime  methyl  ether  is  fairly  soluble  in  water,  and  mixes  with 
alcohol  and  ether  in  all  proportions.  Its  aqueous  solution  is  neutral  to 
litmus. 

When  the  methyl  ether  is  dissolved  in  a  very  small  quantity  of  an 
alcoholic  solution  of  hydrogen  chloride,  and  platinic  chloride  is  added, 
the  platinichloride  separates  immediately  in  small,  prismatic  needles ; 
on  recrystallising  this  salt  from  alcohol  by  the  addition  of  ether,  it 
forms  well-defined  hexagonal  prisms  with  pointed  ends  which  deliquesce 
in  air. 

0-0811  gave  on  ignition  0'0268  Pt.     Pt  =  33'l. 

[(CH3)2C:N-OCH3],,H,PtCl0  requires  Pt  =  33-2  per  cent. 

When  heated  with  hydrochloric  acid  (10  per  cent.)  for  an  hour  in  a 
flask  attached  to  a  reflux  condenser,  the  substance  is  hydrolysed  with 
the  formation  of  acetone  and  a-methylhydroxylamine. 

(CH3)2C:N-OCH3  +  H2O  =  (CH3),CO  +  NH,-OCH3. 

On  evaporating  the  product  to  dryness,  a  residue  was  obtained 
which  completely  dissolved  in  alcohol,  and  on  the  addition  of  ether  to 
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the  alcoholic  solution,  the  hydrochloride  of  a-methylhydroxylamine 
separated  in  pearly  scales  melting  at  148°,  which  did  not  reduce 
Fehling's  solution.  Some  of  this  salt  was  reduced  by  warming  it  with 
zinc  and  hydrochloric  acid  ;  the  product  was  made  alkaline  by  the 
addition  of  solution  of  soda,  and  the  liberated  base  distilled  into  dilute 
hydrochloric  acid.  Upon  evaporating  the  acid  distillate  to  dryness,  a 
white,  crystalline  residue  was  obtained,  insoluble  in  alcohol,  and  possess- 
ing the  characters  of  ammonium  chloride.  The  platinichloride  was 
prepared  and  analysed. 

0  2563  gave  0-1133  Pt.     Pt  =  44-2. 

(NH4Cl)2PtCl4  requires  Pt  =  43-9  per  cent. 

It  is  evident,  therefore,  that  the  salt  is  a-methylhydroxylamine 
hydrochloride,  and  that  the  compound  which  furnished  it  on  hydrolysis 
is  the  methyl  ether  of  acetoxime,  (CH3)0CIX'OCH3. 

The  product  of  the  reaction  from  which  the  ether  and  some  of  the 
methyl  alcohol  had  been  distilled  crystallised  on  cooling  in  long, 
colourless  needles.  On  examination,  these  were  proved  to  be  a  compound 
of  sodium  iodide  with  methyh'^oacetoxime,  (CEL).,C  -  X'CELjXal, 

v; 

corresponding  to  the  similar  compound  of  niethyh'so-p-w-nitrobenzald- 
oxime  which  has  been  described  by  Goldschmidt  and  Kjellin  (Ber., 
1891,  24,  2808).  It  was  collected,  drained  on  a  porous  tile,  dried  in 
the  desiccator,  and  recrystallised  from  hot  methyl  alcohol. 

0-5243  gave  0-5187  Agl.     I  =  53-5. 

0-3471  yielded  0-02065  X  (as  ammonia).     N  =  5-95. 

(CH3)2C  -  X-CH3,XaI  requires  1  =  53-6.     X  =  o-91  per  cent. 


This  substance  is  deliquescent  and  very  readily  soluble  in  water  ;  it 
also  dissolves  in  methyl  and  ethyl  alcohols,  but  is  insoluble  in  ether. 
It  melts  at  206'  with  decomposition.  When  warmed  with  dilute  acid 
or  boiled  with  water,  it  is  quickly  hydrolysed  with  the  production  of 
acetone  and  /3-niethylhydroxylarnine, 

(CH3),C  -  X-CH3   +   H,0   =   (CH3)0CO   +   NH(CH3)-OH. 


An  aqueous  solution  of  the  compound  was  distilled  ;  the  distillate 
contained  acetone  and  an  alkaline  base  which  strongly  reduced 
Fehling's  solution.  The  liquid  was  acidified  with  hydrochloric  acid  and 
evaporated  to  dryness  on  the  water-bath.  The  residue  possessed  all 
the  characters  of  yS-methylhydroxylamine  hydrochloride,  crystallising 
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in  long  extremely  hygroscopic  needles,  which  melted  at  about  85°  ;  on 
reduction  with  zinc  and  hydrochloric  acid,  it  furnished  methylamine. 

When  the  substance  is  boiled  with  hydriodic  acid,  it  is  hydrolysed 
and  the  /3-methylhydroxylamine  is  immediately  reduced  to  methylamine. 
The  methylamine  was  obtained  as  the  hydrochloride,  and  the  platini- 
chloride  prepared  and  analysed. 

0-1239  gave  0-0513  Pt.     Pt  =  414. 

(NH2-CH3)2,H2PtCl6  requires  Pt  =  41'3  per  cent. 

In  another  experiment,  some  of  the  sodium  iodide  compound  of  the 
methyl  derivative  was  dissolved  in  water,  zinc  dust  added,  and  then 
very  dilute  hydrochloric  acid  in  small  quantities  at  a  time.  The  base 
was  liberated  in  the  usual  way  and  identified  as  methylamine  by  means 
of  the  platinichloride. 

0-0726  gave  0-0301  Pt.     Pt  =  41'5  per  cent. 

Acetone,  but  no  trace  of  any  other  amine  than  methylamine,  could 
be  detected,  and  it  therefore  seems  probable  that  reduction  occurs 
thus — 

-N-CH3   +   H2   =   (CH3)2CO   +   NH2-CH3. 

If  a  solution  of  iodine  in  strong  hydriodic  acid  is  added  to  a  solution 
of  the  sodium  iodide  compound  in  methyl  alcohol  (in  approximately 
the  proportions  required  to  form  the  periodide)  and  the  mixture 
evaporated  nearly  to  dryness  on  the  water-bath,  a  residue  is  obtained 
consisting  of  sodium  iodide  and  crystals  showing  a  fine  beetle-green 
lustre ;  the  latter  may  be  extracted  with  chloroform  and  purified  by 
repeated  crystallisation  from  the  same  solvent.  Analysis  shows  that 
this  compound  is  the  periodide  of  methyl isoacetoxime  previously 
obtained  by  us  (Trans.,  1897,  71,  577)  by  the  direct  action  of  methyl 
iodide  on  acetoxime.  We  have  shown  that  the  formula  of  this  com- 
pound is  [(CH3)0C N-CH3,HI].,I. 

\/ 

Many  attempts  have  been  made  to  separate  the  methyl  derivative 
from  the  sodium  iodide  compound,  but  hitherto  without  success  on 
account  of  the  facility  with  which  it  suffers  hydrolysis  immediately  it 
is  liberated  in  the  presence  of  water. 

Action  of  Ethyl  Iodide  on  Acetoxime.     Ethylacetoxime  and   Ethyl'iso- 

acetoxime. 

When  acetoxime,  dissolved  in  methyl  alcohol,  is  mixed  with  the 
calculated  quantity  of  sodium  methoxide  and  ethyl  iodide,  a  vigorous 
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reaction  occurs,  so  much  heat  being  developed  that  it  is  necessary  to 
cool  the  flask.  "When  the  action  has  subsided,  the  flask  is  heated  on 
the  water-bath  for  half-an-hour  •with  an  upright  condenser  attached. 

The  ether  passes  over  on  distillation  with  the  first  fraction  of  methyl 
alcohol,  and  being  almost  insoluble  in  water  it  can  be  obtained  from 
the  alcoholic  distillate  by  the  addition  of  water,  when  it  rises  to  the 
surface  as  a  colourless  mobile  oil.  It  is  separated  and  dried  with 
calcium  chloride.  The  usual  yield  of  this  substance  is  about  20  per 
cent.  It  has  a  pleasant  ethereal  smell,  boils  at  91-5-92-5',  and  is 
miscible  with  alcohol  and  ether  in  all  proportions.  The  platinichloride 
was  prepared  in  a  similar  manner  to  that  of  the  methyl  ether.  The 
crystals  which  first  separated  were  washed  with  a  mixture  of  alcohol 
and  ether,  redissolved  in  a  small  quantity  of  warm  alcohol,  and  recrys- 
tallised  by  the  addition  of  ether.  The  salt  forms  long,  rectangular 
prisms  of  a  fine  orange  colour. 

It  is  deliquescent  and  extremely  soluble  in  water,  readily  soluble  in 
alcohol,  but  insoluble  in  ether. 

0-1102  gave  0-0352  Pt.     Pt  =  31-9. 

[(CH3)2C:N-OC2H5]2,H2PtCl6  requires  Pt  =  31-8  per  cent. 

The  concentrated  liquid  from  which  the  ethyl  oxime  had  been  dis- 
tilled was  transferred  to  an  evaporating  dish ;  on  standing  in  the 
desiccator,  crystals  of  sodium  iodide  slowly  separated.  The  mother 
liquor  was  decanted  from  these,  and  further  concentrated  in  a  vacuum, 
when  a  mass  of  needle-shaped  crystals  suddenly  formed,  which  analysis 
has  shown  to  consist  of  a  compound  of  ethylisoacetoxime  with 
sodium  iodide,  (CH,),C X'Et,XaI. 

V" 

This  substance  exhibits  all  the  usual  characters  of  these  compounds ; 
on  hydrolysis,  it  yields  acetone  and  /3-ethylhydroxylamine ;  it  is 
hygroscopic  and  deliquescent  and  very  soluble  in  water  and  in  alcohol. 
When  reduced  with  zinc  dust  and  hydrochloric  acid  as  in  the  previous 
case,  it  yields  ethylamine.  This  was  identified  by  preparing  the 
hydrochloride  and  platinichloride ;  the  latter  salt  was  analysed,  with 
the  following  result — 

0-0506  gave,  on  ignition,  0'0198  Pt.     Pt  =  39'1. 

(XH2-C2H5)2,H2PtCl6  requires  Pt  =  39'0  per  cent. 

Action  of  Propyl  Iodide  on  Acetoxime.     Propylacetoxime  and  Propyl- 

isoacetoxime. 

When  propyl  iodide  is  added  to  the  calculated  quantity  of  solution 
of  sodium  acetoxime  in  methyl  alcohol,  the  action  does  not  take  place 
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so  vigorously  as  when  methyl  and  ethyl  iodides  are  used,  and  less  heat 
is  evolved.  In  order  to  complete  the  reaction,  the  solution  is  heated 
for  about  3  hours  on  the  water-bath.  About  two-thirds  of  the  alcohol 
is  now  distilled  off,  and  this  carries  the  propylacetoxime  with  it ;  on 
the  addition  of  water,  the  latter  is  thrown  out  of  solution  and  rises  to 
the  surface  as  a  colourless,  sweet-smelling  oil.  It  is  separated  and  dried 
with  calcium  chloride.  When  heated  in  a  paraffin  bath,  it  distils  almost 
constantly  at  116-5°.  The  yield  is  about  20  per  cent. 

The  concentrated  solution  from  which  the  propylacetoxime  has  been 
distilled  is  dark-coloured.  When  evaporated  in  a  vacuous  desiccator, 
sodium  iodide  crystallises  out  and  a  very  viscous  liquid  remains,  which 
possesses  a  carbamine-like  odour  (due  probably  to  some  decomposition). 
When  hydrolysed  with  dilute  acid,  it  yields  acetone  and  a  base  possess- 
ing powerful  reducing  properties,  which  is  doubtless  /3-propylhydroxyl- 
amine.  This  liquid  could  not  be  crystallised.  It  was,  however,  without 
doubt  the  sodium  iodide  compound  of  propyKsoacetoxime,  for  when 
reduced  with  zinc  and  hydrochloric  acid,  a  base  was  obtained  which 
furnished  a  hydrochloride  possessing  the  appearance  and  general 
properties  of  propylamine  hydrochloride.  The  platinichloride  was 
prepared,  recrystallised,  and  analysed. 

0-0878  yielded,  on  ignition,  0-0326  Pt.     Pt  =  37'l. 

(NH2-C3H7)2,H2PtCl6  requires  Pt  =  37'0  per  cent. 

The  action  of  propyl  iodide  on  this  oxime  is  therefore  analogous  to 
that  of  ethyl  iodide. 

Action  of  Methyl  Iodide  on  Acetaldoxime  in  the  presence  of  Sodium  Meth- 
oxide.     Methylacetaldoxime  and  Methylisoacetaldoxime. 

When  methyl  iodide  is  added  to  a  solution  of  acetaldoxime  and 
sodium  methoxide  in  methyl  alcohol,  a  vigorous  reaction  takes  place, 
requiring  the  flask  to  be  kept  well  cooled.  The  method  adopted  was  to 
cool  the  solution  of  acetaldoxime  and  sodium  methoxide  to  0°,  and 
gradually  to  add  the  methyl  iodide  through  the  upright  condenser 
tube.  After  the  mixture  has  been  kept  at  0°  for  3  or  4  hours,  the 
temperature  is  allowed  to  rise  slowly,  and  the  solution  finally  heated 
for  15  minutes  on  the  water-bath. 

On  distillation,  the  true  ether,  methylacetaldoxime,  passed  over  in 
the  first  fraction ;  this  was  treated  with  calcium  chloride  and  allowed 
to  stand  in  order  to  remove  the  methyl  alcohol,  the  ether  distilled  off, 
and  again  treated  with  calcium  chloride.  The  pure  substance  boils  at 
47'5°.  It  possesses  a  sweet,  ethereal  odour,  is  soluble  in  water,  and 
readily  miscible  with  ether  and  alcohol.  A  yield  of  about  10-11  per 
cent,  was  obtained.  When  hydrolysed  by  heating  on  the  water-bath 


ALKYL   HALOIDS   ON   ALDOXIMES   AND    KETOXIMES.  205 

with  hydrochloric  acid  (5  per  cent.  ),  it  yields  acetaldehyde  and  a-methyl- 
hydroxylamine  ;  the  latter  was  identified  by  means  of  its  hydrochloride, 
which  melted  at  148°,  and  possessed  the  general  characters  of  this  salt. 

CH3-CH:X-OCH3  +  H,O  =  CH3-CHO  +  NH2-OCH3. 

The  solution  from  which  the  ether  had  been  distilled  was  transferred 
to  a  dish,  and  concentrated  in  a  vacuous  desiccator.  A  mass  of  long 
needles  separated  ;  these  were  drained  from  the  mother  liquor,  and 
dried  on  a  porous  tile  in  the  desiccator.  The  substance  was  recrystal- 
lised  from  warm  methyl  alcohol,  and  obtained  in  long,  silky  needles. 
A  number  of  analyses  were  made,  which  show  that  the  substance  is  a 
compound  of  rnethyh'soacetaldoxime  with  sodium  iodide,  of  the  compo- 
sition (CH3-CH-N-CH3)2,XaI. 


Iodine.  Sodium.  Nitrogen. 

[45-6  7-69  9-05 

Found  .........  -Ul-4  7-31 

1^44-1 

(C3H-OX),,XaI  requires  I  =  42-9  ;  JSTa  =  7-77  ;  N  =  9'46  per  cent. 

It  is  deliquescent,  readily  soluble  in  water,  and  also  soluble  in  methyl 
and  ethyl  alcohols.  It  is  very  unstable,  and  readily  suffers  hydro- 
lysis, with  the  formation  of  acetaldehyde  and  /?-methylhydroxylamine, 

On  reduction, 


it  yields  acetaldehyde  and  methylamine,  which  was  identified  by  means 
of  its  platinichloride,  CH3-CH-N-CH3  +  H,  =  CH3-CHO  +  XH2-CH8. 

N)/ 

0-0977  gave  0-0405  Pt.     Pt  =  4  1  -5. 

(XH2-CH3).2,H2PtCl6  requires  Pt  =  4l-4  per  cent. 

Action    of   Ethyl    Iodide    on    Acetaldoxime.      Ethyl  acetaldoxime    and 
Eth  t/hsoacetaldoxime. 

When  the  calculated  quantity  of  ethyl  iodide  is  added  to  a  solution 
of  acetaldoxime  and  sodium  methoxide  dissolved  in  methvl  alcohol,  an 
energetic  reaction  takes  place,  the  heat  liberated  being  sufficient  to 
cause  the  solution  to  boil;  when  the  first  action  is  over,  the  mixture 
is  boiled  gently  for  half-an-hour.  The  ethyl  acetaldoxime  was  isolated 
in  the  same  manner  as  the  corresponding  methyl  compound.  It  boils 
at  71-71'5D,  possesses  a  sweet,  somewhat  aromatic  odour,  is  only 
slightly  soluble  in  water,  but  dissolves  readily  in  alcohol  and  ether. 
A  yield  of  about  20  per  cent,  was  obtained.  When  heated  with  hydro- 
chloric acid,  it  furnishes  acetaldehyde,  and  on  evaporating  to  dryne—  . 
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a  residue  of  ammonium  chloride  is  obtained,  together  with  a  small 
quantity  of  brown  resin,  the  first  formed  a-ethylhydroxylamine  being 
decomposed  under  these  conditions.  CH3'CIHN*OC2H5 


The  concentrated  solution  from  which  the  ether  had  been  distilled, 
when  evaporated  in  a  vacuum,  did  not  furnish  a  crystalline  sodium 
iodide  compound  of  the  isomeric  ethyKsooxime  as  in  the  cases  previously 
described,  but  the  sodium  iodide  crystallised  out,  leaving  a  thick, 
syrupy  liquid.  This  liquid  contained  sodium  iodide  and  the  ethyl 
derivative.  On  warming  with  dilute  hydrochloric  acid,  it  yielded  acet- 
aldehyde  and  a  substance  with  powerful  reducing  properties.  Some  of 
the  liquid  was  treated  with  a  little  dilute  hydrochloric  acid  and  then 
digested  with  freshly-precipitated  silver  chloride  ;  the  solution  was 
filtered  and  evaporated  in  a  vacuous  desiccator.  Sodium  chloride 
crystallised  out,  leaving  a  thick,  uncrystallisable  liquid,  which  possessed 
the  properties  of  /3-ethylhydroxylamine  hydrochloride,  and  yielded 
ethylamine  on  reduction;  the  last-mentioned  substance  was  obtained 
as  the  hydrochloride,  converted  into  the  platinichloride,  and  analysed. 

0-0731  gave  0-0285  Pt.     Pt  =  39-0. 

(NH2-C2H5)2,H2PtCl6  requires  Pt  =  39-0  per  cent. 

Here   again  the  derivative   of   the   isooxime,  CH3'CH—  N'C9H5,  is 

X0X 
unstable,  though  there  can  be  no  doubt  of  its  formation. 

Action   of  Propyl  Iodide    on  Acetaldoxime.     Propylacetaldoxime    and 
Propylisoacetaldoxime. 

When  a  solution  of  acetaldoxime  and  sodium  methoxide  in  methyl 
alcohol  is  treated  with  propyl  iodide,  sufficient  heat  is  evolved  to 
produce  ebullition  ;  the  mixture  is  afterwards  heated  for  half-an-hour 
on  the  water-bath. 

On  distilling  the  product,  methyl  alcohol  passes  over  and  carries 
with  it  the  propyl  ether  of  the  oxime,  which  is  separated  by  the 
addition  of  water,  and  after  its  removal  a  further  quantity  is  obtained 
by  extracting  with  ether  and  drying  and  distilling  the  ethereal 
solution.  This  ether  is  a  colourless  oil,  of  sweet  ethereal  odour,  and 
boils  at  101-102°  ;  it  is  almost  insoluble  in  water,  but  readily  dissolves 
in  alcohol  and  in  ether.  The  yield  slightly  exceeded  20  per  cent.  On 
heating  the  ether  with  hydrochloric  acid,  acetaldehyde  and  ammonium 
chloride  were  produced. 

As  in  the  preceding  case,  the  compound  of  the  derivative  of  the 
isooxime  with  sodium  iodide  could  only  be  obtained  as  a  thick, 
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uncrystallisable  liquid.  On  hydrolysis,  it  yielded  acetaldehyde  and 
a  y3-hydroxylamine  which  powerfully  reduced  a  solution  of  copper 
sulphate  in  the  cold.  When  reduced  with  zinc  dust  and  dilute  hydro- 
chloric acid,  propylamine  was  produced  and  identified  by  means  of  its 
platinichloride.  On  ignition  — 

0-0985  gave  0-0363  Ft.     Pt  =  36-9 

:  -C  H-    .H.,PtClr,  requires  Pt  =  37-0  per  cent. 

There  can,  therefore,  be  no  doubt  that  the  propylisooxime  is  repre- 
sented by  the  formula  CH  'CH-X'C,H-,  and  the  hydrolysis  by  the 


equation  CH3-CH-N'C3Hr  +  H.,O  =  CH.'CHO  +  NH(C3H7)'OH. 


Action  of  Methyl  Iodide  on  Acetophenoxime  in  the  presence  of  Sodium 
Methoxide.     Jfethyf.  acetophenoxime  and  ^fethyJ.isoacetophenoxime. 

When  a  solution  of  acetophenoxiine  in  methyl  alcohol  is  mixed 
with  the  calculated  quantities  of  sodium  methoxide  and  methyl  iodide, 
so  much  heat  is  developed  that  the  solution  boils  spontaneously.  It  is 
afterwards  heated  for  an  hour  on  the  water-bath.  After  the  greater 
part  of  the  methyl  alcohol  has  been  removed  by  distillation,  on  the 
addition  of  water,  the  methyl  ether  of  acetophenoxime  separates  as  an 
oil,  and  is  extracted  with  ether;  the  ethereal  solution  is  dried  with 
calcium  chloride,  and  the  ether  carefully  distilled  off.  The  compound, 
C6H5(CH  CiX-OCHy  boils  at  2U-2lV  with  slight  decomposition; 
it  has  a  pleasant  aromatic  odour  and  is  easily  soluble  in  alcohol  and 
ether,  but  is  insoluble  in  water.  The  yield  was  larger  than  in  the 
cases  previously  described,  probably  amounting  to  as  much  as  40  per 
cent. 

If  the  aqueous  solution  from  which  the  methyl  ether  has  been  ex- 
tracted is  distilled,  some  of  the  isomeric  methylisooxime  suffers 
hydrolysis,  and  acetophenone  and  /?-methylhydroxylamine  pass  over 
with  the  steam  ;  the  former  was  identified  by  conversion  into  its  oxime, 
melting  at  59  =,  and  the  latter  by  means  of  its  deliquescent  hydro- 
chloride  melting  at  80-85°.  The  methyhsoacetophenoxime  crystallises 
with  sodium  iodide  to  form  the  compound,  C6H5(CH3)C  -  N'CH^Nal, 


which  is  obtained  in  needles  and  possesses  the  usual  properties  of  these 
substances.     On  analysis  — 

0-2040  gave  0'00924  X.     X  =  4-5. 

C6H5(CH3)C  -  X-CH,,XaI  requires  X  =  4-7  per  cent. 
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On  reduction,  the  methyltsooxime  furnishes  methylamine.  The 
platinichloride  was  prepared  and  analysed. 

0-0508  gave  0-0210  Pt.     Pt  =  41'3. 

(NH2'CH3)2,H2PtCl6  requires  Pt  =  41'4  per  cent. 

Action  of  Ethyl  Iodide  on  Acetophenoxime.     Ethylacetophenoxime  and 
Ethylisoacetophenoxime. 

Ethyl  iodide  reacts  with  acetophenoxime  in  the  presence  of  sodium 
methoxide  in  the  same  manner  as  methyl  iodide. 

The  ethyl  ether,  C6H5(CH3)C:N'OC2H5,  distils  at  130-135°  under 
20  mm.  pressure,  and  boils  with  some  decomposition  at  220-225° 
under  ordinary  pressure.  The  yield  is  approximately  60  per  cent.  It 
closely  resembles  the  corresponding  methyl  ether  in  its  general  pro- 
perties. This  ether  has  been  previously  described  by  Trapesonzjanz 
(JBer.,  1893,  26,  1427),  who  records  its  boiling  point  as  200-202° 
under  43  mm.  pressure. 

Uthylisoacetophenoxime  is  obtained  as  the  sodium  iodide  compound, 
C6H5(CH3)C N'C2H5,NaI;  it  is  easily  hydrolysed  with  production 

X0X 

of  acetophenone  and  /?-ethylhydroxylamine.  The  latter  was  obtained 
as  the  uncrystallisable  hydrochloride,  and  on  reduction  yielded  ethyl- 
amine,  which  was  identified  by  means  of  its  platinichloride. 

0-0870  gave  0-0340  Pt.     Pt-39-1. 

Calculated  for  (NH2'C2H5)2,H2PtCl6,  Pt  =  39'0  per  cent. 

The  methyl  and  ethyl  acetophenoximes  and  the  methyl  and  ethyl 
•isoacetophenoximes  therefore  resemble  the  corresponding  derivatives  of 
the  aliphatic  oximes  which  we  have  described  above. 

Direct   Reduction   of  Alkylated   isoOximes.     Formation  of  Secondary 

Amines. 

On  account  of  the  ease  with  which  the  substituted  zsooximes  suffer 
hydrolysis,  it  seemed  probable  that  the  substances  obtained  on  reduction 
in  presence  of  water  may  not  be  derived  directly  from  the  •isooximes 
themselves,  but  rather  from  their  hydrolytic  products  ;  thus,  reduction 
with  zinc  and  dilute  acids,  with  hydriodic  acid,  or  with  zinc  dust  and 
water  always  results  in  the  formation  of  the  aldehyde  or  ketone  and  of 
a  primary  amine  furnished  by  the  previously-formed  /3-hydroxylamine. 
It  seemed  possible,  however,  that  if  the  alkylated  isooxime  itself  could 
be  reduced,  the  oxygen  atom  might  be  removed  and  the  corresponding 
secondary  amine  formed  by  direct  reduction.  MethyKsoacetaldoxime, 
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for  example,  yields  under  ordinary  conditions  methyl-  fi-hydroxyl 
(or  methylamine)  and  acetaldehyde.    If,  however,  water  were  excluded, 
the  alkyl  wooxime  might  be  converted  by  reduction  into  the  corre- 
sponding secondarv  amine  — 

CH3'CH-X-CH3  +  2H0  =  CH3'CH.,-XH-CH3  +  H.,O. 

V 

After  a  great  many  experiments,  the  proper  condition  for  the  direct 
reduction  of  the  alkylated  i^ooximes  has  been  found,  and  by  this  means 
a  satisfactory  confirmation  of  their  constitution  has  been  obtained,  and 
a  new  method  furnished  for  the  preparation  of  secondary  amines,  some 
of  which  have  been  hitherto  found  difficult  to  prepare  in  a  pure  state. 

Direct  Reduction  of  AfetkyGaoacetaldoxime. 

Two  grams  of  the  sodium  iodide  compound  of  methyltsoacetald- 
oxime  were  dissolved  in  20  c.c.  of  dry  ethyl  alcohol,  and  sodium 
amalgam  (2^  per  cent.)  was  added  gradually;  the  solution  was  kept 
acid  by  the  addition  of  small  quantities  of  glacial  acetic  acid  from  time 
to  time,  in  accordance  with  the  directions  given  by  Goldschmidt  (Ber., 
1886,  19,  3232).  The  mixture  became  warm  and  the  reduction  pro- 
ceeded without  the  aid  of  external  heat.  The  bases  produced  were 
liberated  with  sodium  hydroxide  and  distilled  into  hydrochloric  acid  ; 
on  evaporation,  a  residue  was  obtained  which  was  completely  soluble 
in  alcohol.  The  greater  part  dissolved  in  chloroform,  leaving  a  small 
quantity  of  niethylamine  hydrochloride.  The  solution  in  chloroform 
yielded,  on  evaporation,  a  hygroscopic,  crystalline  hydrochloride,  the 
platinichloride  of  which  crystallised  in  long,  well-defined,  hexagonal 
prisms  melting  with  decomposition  at  202-204'.  On  analysis  — 

0-1447  gave  0'0534  Ft.     Pt  =  36'9. 

requires  Pt  =  37-0  per  cent. 


The  aurichloride  was  also  prepared  ;  it  crystallised  from  water  in 
long,  slender  needles  melting  at  179-180°. 

0-1609  gave  0-0794  Au.     Au  =  49-3. 

CH3'XH-C.,H.,HAuCl4  requires  Au  =  49'4  per  cent. 

The  characters  of  these  salts  agree  closely  with  those  of  the  salts  of 
methylethylamine  described  by  Skraup  and  Wiegmann  (Jlonatsh., 
1^9,  10,  110).  The  methylisoacetaldoxime  has  therefore  been  reduced 
in  accordance  with  the  following  equation  — 

CH3'CH-X-CH3  +  2H  =  CH'CH./NH-CH  +  H.O. 
ii. 
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Direct  Reduction  of  MethyHsoacetoxime. 

The  reduction  of  methyHsoacetoxime  was  effected  in  the  same 
manner.  The  base  was  distilled  into  hydrochloric  acid,  and  on 
evaporation  a  hygroscopic  residue  was  obtained  which  was  completely 
soluble  in  chloroform,  and  therefore  contained  no  methylamine  hydro- 
chloride.  This  salt  has  proved  to  be  the  hydrochloride  of  the  hitherto 
undescribed  methylisopropylamine.  When  the  chloroform  solution  was 
evaporated  to  dryness,  a  syrupy  liquid  was  obtained,  which  on  cooling 
in  the  desiccator  crystallised  in  long,  radiating  needles  of  a  hydro- 
chloride  melting  at  the  temperature  of  the  water-oven ;  this  salt  is 
very  easily  soluble  in  water  or  alcohol,  but  is  insoluble  in  ether.  The 
platinichloride  crystallises  from  water  in  long,  prismatic  needles ;  it  is 
readily  soluble  in  water,  fairly  soluble  in  methyl  alcohol,  but  is  in- 
soluble in  ethyl  alcohol  or  ether.  When  heated,  it  melts  gradually  at 
184-189°. 

0-1644  gave  0-0580  Pt.     Pt  =  35'3. 

0-1026     „     0-0359  Pt.     Pt  =  35-0. 

(CH3'NH'C3H7)2,H2PtCl6  requires  Pt  =  35-05  per  cent. 

The  aurichloride  crystallises  in  cubes  and  melts  at  96-97° ;  it 
dissolves  readily  in  alcohol  or  hot  water,  and  less,  readily  in  cold  water. 
The  gold  was  determined  in  two  specimens,  of  which  the  first  had  been 
allowed  to  dry  by  exposure  to  the  air  and  the  second  had  been  heated 
for  an  hour  at  100°. 

0-1242  gave  Au  0'0590.     Au  =  47-5. 

0-1049     „     Au  0-0502.     Au  =  47-8. 

CH3'NH-C3H7,HAuCl4  requires  Au  =  47-7  per  cent. 

The  picrate  of  methyHsopropylamine  crystallises  from  hot  water  in 
long,  pale  yellow  needles  and  melts  at  133-134°. 

The  reduction  is  therefore  represented  by  the  equation — 

(CH3)2C N'CH3  +  2H2  =  (CH3)2CH-NH'CH3  +  H2O. 

X0X 

Reduction  of  methylisoacetaldoxime  and  of  methyHsoacetoxime  has 
also  been  attempted  by  means  of  zinc  dust  and  glacial  acetic  acid  in 
alcoholic  solution  under  conditions  similar  to  those  observed  in  the 
reduction  with  sodium  amalgam,  but  with  less  satisfactory  results. 
Methylisoacetaldoxime  furnished  approximately  equal  quantities  of 
the  hydrochlorides  of  methylamine  and  methylethylamine,  the  latter 
being  identified  by  means  of  its  aurichloride,  which  after  recrystallis- 
ation  melted  at  177-178°.  MethyKsoacetoxirne,  however,  yielded 
methylamine  only  and  no  methyHsopropylamine. 

The  reduction  of  alkylated  isooximes  with  sodium  amalgam  may  be 
useful  as  a  general  method  of  obtaining  secondary  amines. 
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Hie    Supposed  Existence  of  Tu:o   Isomeric    Trietkylox- 

a  mi  nes.1 

By  WTXDHAM  R  DCSSTAX  and  ERNEST  GOULDIXG. 

Ix  a  previous  paper  on  the  "  Action  of  Alkyl  Haloids  on  Hydroxyl- 
amine"  (Trans.,  1899,  75,  792;  also  this  vol.  p.  165),  we  showed  that 
by  the  action  of  ethyl  iodide  on  an  ethereal  solution  of  diethylhydroxyl- 
amine  a  salt  of  triethyloxamine,  (C.>H5)3XO,  is  produced.  We 
obtained  this  base  in  a  crystalline  state  and  gave  an  account  of  its 
properties  and  those  of  its  principal  salts,  and  showed  by  the  study 
of  its  reactions  that  it  was  to  be  regarded  as  a  true  oxamine, 
(C.,H5)3XIO,  and  not  as  the  isomeric  triethylhydroxylamine, 
L  H  >-OC.,H5.  Later  (Trans.,  1899,  75,  1006 ;  also  this  vol.  p.  180), 
we  obtained  the  same  compound  by  the  direct  oxidation  of  triethyl- 
amine  with  hydrogen  peroxide. 

We  also  proved  that  this  triethyloxamine  is  not  identical  with  the 
compound  which  Bewad  (J.  Russ.  Phys.  Chem.  Soc.,  1888,  20,  125) 
had  obtained  by  acting  on  nitroethane  with  zinc  ethyl.  Bewad 
regarded  this  substance  as  the  isomeride  of  a  true  triethylhydroxyl- 
amine and  assigned  to  it  the  formula  (C0H5)3XO,  on  account  of  its 
having  apparently  furnished  triethylamine  on  reduction.  As  the 
properties  of  this  compound  differed  so  markedly  from  GUI'S,  it  seemed 
possible  that  Bewad  had  obtained  the  isomeric  triethylhydroxylamine 
which  we  had  been  unsuccessful  in  producing  by  any  method  we 
had  tried.  The  properties  of  the  substance  described  by  Bewad 
were,  however,  not  such  as  would  be  expected  from  a  substituted 
hydroxylamine  of  the  formula  (C.>H3)0X-OC.,H..  As  the  question 
was  one  of  some  theoretical  importance,  we  prepared  a  quantity  of 
Bewad 's  material.  In  the  meantime,  however,  Lachman  (Her.,  1900, 
33,  1022)  published  an  account  of  an  investigation  of  this  question. 
He  prepared  /3-diethylhydroxylamine  by  the  action  of  zinc  ethyl  on 
diphenylnitrosamine.  The  properties  of  the  substance  obtained  by 
this  method  agree  with  those  of  the  compound  prepared  by  us  by 
acting  on  hydroxylamine  with  ethyl  iodide.  Having  been  struck  by 
the  remarkable  isomerism  which  apparently  existed  between  the 
triethyloxamine  prepared  by  us  and  that  obtained  by  Bewad,  Lachman 
proceeded  to  compare  their  properties. 

In  general,  Lachman's  account  of  the  properties  of  triethylox- 
amine correspond  with  ours.  He  has,  however,  been  unsuccessful  in 

1  Reprinted  from,  the  Journal  of  the  Chemical  Society  1901,  79,  641. 
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crystallising  the  base  and  is  inclined  to  regard  the  crystallisation  we 
observed  as  due  to  an  impurity.  This,  however,  is  a  mistake,  for  we 
have  satisfied  ourselves  of  the  purity  of  the  crystalline  substance 
described  in  our  previous  paper.  If  the  concentrated  aqueous  solution 
of  the  pure  base  is;  left  in  a  vacuous  desiccator  with  phosphoric 
oxide,  it  gradually  becomes  crystalline.  These  crystals  are  extremely 
hygroscopic. 

After  an  examination  of  the  properties  of  Bewad's  compound, 
Lachman  confirms  our  conclusion  that  the  two  substances  are  not 
identical  and  leaves  to  us  the  further  determination  of  the  question, 
but  we  now  need  only  refer  to  it  briefly,  since  Bewad  (J.  Russ.  Phys. 
Chem.  Soc.,  1900,  32,  455)  has  shown  that  his  supposed  triethyl- 
hydroxylamine  is  really  /3-ethyl-sec-butylhydroxylamine, 

C2H5(CH3)CH-N(C2H5)-OH, 

which  satisfactorily  accounts  for  its  properties.  Bewad  concludes 
that  the  action  of  zinc  alkyls  on  primary  or  secondary  nitroparaffins 
always  results  in  the  formation  of  /3-disubstituted  hydroxylamines. 

Although  Bewad  himself  does  not  discuss  the  supposed  isoinerism, 
any  further  investigation  of  the  matter  by  us  is  unnecessary,  for  the 
conclusion  reached  by  Bewad  is  entirely  in  accordance  with  our  own, 
but  we  may  point  out  that  the  additive  compound,  which  Lachman 
describes  as  resulting  from  the  action  of  methyl  iodide  on  Bewad's 
compound,  cannot  possess  the  constitution  or  undergo  the  reactions 
which  he  attributes  to  it.  Instead  of  being  represented  by  the 
formula  (C.,H5)3N(OCH3)I,  it  is  probably  a  hydriodide  of  methylethyl- 
sec-butyloxamine, 

CH3(C2H5)(C4H9)N:0,HI. 

This  being  the  case,  it  is  clear  that  it  could  not  undergo  the  decom- 
positions described  by  Lachman  into  formaldehyde  and  triethylamine 
and  other  products. 

Bewad  has  also  shown  (loc.  cit.}  that  /3-diethylhydroxylamine  results 
from  the  action  of  zinc  ethyl  on  tsopropyl  or  isoamyl  nitrite,  and  that 
/3-dipropylhydroxylamine  may  be  obtained  by  the  action  of  zinc  propyl 
on  propyl  nitrite.  These  compounds  are  identical  with  those  we  have 
prepared  by  the  action  of  ethyl  and  propyl  iodides  on  hydroxylamine. 

We  take  this  opportunity  of  replying  to  the  complaint  made  by 
Mamlock  and  Wolfienstein  (Ber.,  1900,  33,  159)  that  we  have  worked 
on  the  action  of  hydrogen  peroxide  on  aliphatic  amines,  although 
Wolffenstein  had  previously  stated  that  he  was  engaged  in  the  study 
of  the  action  of  hydrogen  peroxide  on  organic  bases.  Wolfienstein 
previously  had  taken  similar  exception  to  the  work  of  Bamberger  and 
Tschirner  (£er.,  1899,  32,  342).  In  the  paper  referred  to  above,  these 
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authors  proceed  to  describe  the  properties  of  /8-dipropylhydroxylamine 
and  tripropyloxamine  without  any  allusion  to  the  fact  that  these  com- 
pounds have  already  been  prepared  by  us.  As  a  matter  of  fact,  we 
commenced  the  investigation  of  the  action  of  alkyl  haloids  on  hydroxyl- 
amine  so  long  ago  as  189-t  (Proc.,  1894,  10,  138),  and  in  1899  (Trans.. 
1899,  75,  792  ;  Proc.,  1899,  15,  58)  showed  that  the  reaction  previously 
described  was  a  general  one  by  means  of  which,  not  only  trimethyl, 
but  other  alkylated  examines  and  hydroxylamines  could  be  prepared. 
In  this  paper,  we  stated  that  we  were  attempting  to  produce  these  new 
compounds  by  the  action  of  hydrogen  peroxide  on  the  amines  in  order 
to  settle  their  constitution.  When  Wolffenstein,  whose  previous 
investigations  had  been  restricted  to  the  oxidation  of  pyridine  and 
quinoline  derivatives — in  which  field  Merling  (JBer.,  1892,  25,  3123) 
had  also  worked — announced  that  he  intended  to  extend  his  work  to 
the  aliphatic  amines,  our  experiments  were  nearly  completed. 

In  any  case,  our  study  of  the  action  of  hydrogen  peroxide  on 
certain  aliphatic  amines  was  undertaken  merely  to  confirm  the  con- 
stitution of  the  oxides  of  the  amines  (oxamines)  which  we  had  already 
prepared  by  an  entirely  distinct  reaction. 


The  Constituents  of  the  Indian  Dye-stuff  Kamala.1 

Part  I. 

By  A.  G.  PERKIX,  Clothworkers'  Research  Laboratory,  Dyeing  Department, 
Yorkshire  College. 

A  DESCRIPTION  is  given  of  six  distinct  substances  extracted  by  ether 
from  Kamala  —  rottlerin,  the  principal  constituent,  described  by 
Anderson,  in  1855  (Journ.  Chem.  Soc.,  1855,  669) ;  isorottlerin  ;  two 
resins,  one  of  low,  the  other  of  high  melting  point  :  a  wax,  which  is 
possibly  cetylic  cerotate ;  and  a  yellow,  crystalline  colouring  matter 
present  in  a  minute  proportion,  the  composition  of  which  is  yet  to  be 
determined. 

Rottlerin  is  best  separated  from  the  dye-stuff  by  means  of  cold 
carbon  bisulphide,  from  which  it  crystallises  in  thin  salmon-coloured 
plates  melting  at  191°;  its  composition  is  represented  by  the  em- 
pirical formula  CUH10O3  already  assigned  to  it  by  Anderson,  but  it 

1  Reprinted  from  Proceedings  of  the  Chemical  Society,  1893,  181.    See  also  Journal 
of  the  Chemical  Society,  1893,  65,  975. 
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is  undoubtedly  a  substance  of  high  molecular  weight.  It  yields  a 
diacetyl  derivative.  On  boiling  it  with  alkalis,  an  odour  of 
benzaldehyde  is  apparent.  When  oxidised  by  cold  nitric  acid,  it 
yields  two  acids  represented  by  the  formula;  CirH]4O0  and  CirHlfiO9, 
while  boiling  nitric  acid  converts  it  into  a  dibasic  acid  of  the  formula 

C13H10°0' 

Isorottlerin  closely  resembles  rottlerin  in  appearance,  but  melts  at 
198-199°  and  is  practically  insoluble  even  in  hot  carbon  bisulphide; 
moreover,  no  odour  of  benzaldehyde  is  apparent  when  it  is  boiled  with 
alkali.  It  yields  the  acid  of  the  formula  C13H10O9  on  oxidation. 

The  resin  of  low  melting  point  resembles  rottlerin,  with  which  it 
is  evidently  closely  allied  in  most  of  its  properties ;  its  composition  is 
represented  by  the  formula  C12H12O3 ;  on  oxidation,  it  yields  the  acid 
of  the  formula  C13H10O9. 

The  resin  of  high  melting  point  is  a  light-yellow-coloured  substance 
represented  by  the  formula  C13H19O4,  and  also  resembles  rottlerin  in 
many  of  its  properties,  being  converted  into  the  acid  of  the  formula 
C13H10O9  when  boiled  with  nitric  acid. 


Kamala.     Part  II.1 
By  A.  G.  PERKIN. 

THE  three  acids  melting  respectively  at  282°,  226°,  and  232°,  pro- 
duced by  the  action  of  nitric  acid  on  rottlerin  (Trans.,  1893,  982), 
have  been  prepared  in  larger  quantity  and  re-examined,  with  the  result 
that  they  were  found  to  contain  nitrogen,  and  to  consist  of  ortho-  and 
paranitrocinnamic  acids  and  paranitrobenzoic  acid.  Paranitrobenzalde- 
hyde  was  also  isolated  from  among  the  products  of  this  action. 
Paranitrobenzoic  acid,  also  obtained  in  a  similar  way  from  the  resins  of 
high  and  low  melting  points  and  isorottlerin  (Trans.,  1893,  986,  989, 
990),  results  evidently  from  the  oxidation  of  the  paranitrocinnamic 
acid  which  is  first  formed. 

Crystalline  metallic  compounds  of  rottlerin  have  been  prepared 
having  respectively  the  formulfe  C33H29O9Na,  C33H29O9K,  (C33H29O9)2Ba, 
(C33H29O9)2Pb,  and  C33H29O9Ag,  showing  that  rottlerin  must  be  repre- 
sented as  C33H30O9,  or  three  times  the  formula  CnH1003  originally 

1  Reprinted  from  Proceedings  of  the  Chemical  Society,  1895,  7,  See  also  Journal  of 
the  Chemical  Society,  1895,  67,  230. 
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.xl  to  it  by  Anderson  (Edin.  Xeu:  PhiL  ./.,  1,  300).  These 
results  point  also  to  the  probability  that  rottlerin  is  a  monobasic 
acid,  C3iH,,0:-COOH. 

When  boiled  with  sodium  carbonate  solution  rottlerin  is  decomposed 
yielding,  together  with  resinous  products,  a  substance  crystallising 
in  garnet-coloured  prisms,  to  which  the  formula  C.^H^Og  has  been 
provisionally  assigned.  It  is  insoluble  in  aqueous  alkalis,  except 
in  presence  of  alcohol.  For  this  substance  the  name  rottlerone  is 
proposed. 

Xote  on  Rottlerin. — The  decomposition  products  of  rottlerin, 
CggH^Oj,,  a  colouring  matter  of  karnala,  Mo.Uof.us  phillipinensis,  pre- 
viously described  (Trans.,  1893,  65,  981 ;  1895,  67,  230),  are  with 
fused  alkali  acetic  and  benzoic  acids,  and  with  nitric  acid  o-  and  j9-nitro- 
cinnamic  acids.  It  has  now  been  found  that  fused  alkali  at  220-240° 
yields  also  phloroglucinol. 


The  Colouring  Principles  q/*Rubia  sikkimensis.1 

By  A.  G.  PERKIN  and  J.  J.  HUMMEL. 

THE  authors  have  separated  both  purpurin  and  munjistin  or  pur- 
puroxanthincarboxylic  acid  from  this  root :  they  point  out  that  the 
results  show  that  it  is  nearly  identical  as  regards  colouring  principles 
with  the  closely  allied  Rubio.  Jhtuji-- 


The  Colouring  find  other  Principles  contained  in  Chay 
Root.     Part  I.2 

By  A.  G.  PERKIX  and  J.  J.  HUMMEL. 

CHAY  rout  is  the  root  of  Oldtntandia  urnleUata,  and  is  used  as  a 
dye-stuff  in  India  ;  a  large  number  of  distinct  products  were  isolated 
by  extracting  it  either  with  an  aqueous  solution  of  sulphurous  acid,  or 

1  Eeprinted  from  Proceedings  of  the  Chemical  Society,  1893,  200.     See  also  Journal 
of  the  Chemical  Society,  IS 93,  11.  " 

2  Reprinted  from  Proceedings  of  the  Chemical  Society,  1893,  201.     See  also  Journal 
of  the  Chemical  Society,  1893,  69,  1160. 
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with  lime  water,  alcohol  and  other  solvents,  viz.,  two  substances  of 
the  formula  C16H12O5,  both  of  which  are  shown  to  be  anthragallol- 
dimethyl  ethers ;  a  monomethyl  ether  of  alizarin  crystallising  in 
orange  needles  melting  at  178-179°;  a  resinous  yellow  substance, 
possibly  an  isomeric  methyl  ether  of  alizarin  in  an  impure  form ;  meta- 
hydroxyanthraquinone ;  a  yellow  substance  melting  ac  141°,  which 
yields  alizarin  when  heated  with  sulphuric  acid ;  ruberythric  acid ; 
rubichloric  acid  ;  alizarin  ;  a  wax  of  the  formula  (C10H18O)2,  melting  at 
87-88°  ;  and  cane  sugar. 


The  Colouring  and  other  Principles  contained  in  Chay 
Root.     Part  II.1 

By  A.  G.  PERKIN  and  J.  J.  HUMMEL. 

A  PREVIOUS  examination  of  chay  root  (Trans.,  1893,  1160)  showed 
that  it  contained  rubichloric  acid,  two  waxes,  cane-sugar,  ruberythric 
acid,  alizarin,  two  dimethyl  ethers  of  anthragallol  (A)  and  (B), 
m.  p.  209°  and  225-227° ;  an  alizarin  monomethyl  ether,  and 
m-hydroxyanthraquinone.  By  the  investigation  of  very  large  quantities 
of  the  root,  2  cwts.,  obtained  through  the  Imperial  Institute,  two  new 
substances  have  been  isolated. 

One  substance,  C15H10O4,  was  obtained  as  orange-coloured  needles 
melting  at  232°.  When  heated  with  hydrochloric  acid  to  180°  it 
yielded  hystazarin,  and  was  found  to  contain  one  methoxyl  group. 
It  is  therefore  an  hystazarin  monomethyl  ether, 

CO 


A  second  constituent,  C16H12O5,  formed  minute  orange-red  needles 
melting  at  212-213°,  and  its  acetyl  compound  at  160°.  It  contained 
two  methoxy  groups,  and  by  the  action  of  hydrochloric  acid  at  180°, 
was  converted  into  anthragallol.  It  was  consequently  an  anthragallol 
dimethyl  ether,  and  it  is  interesting  to  note  that  chay  root  therefore 
contains  the  three  dimethyl  ethers  of  anthragallol. 

1  Reprinted  from  Proceedings  of  the  Chemical  Society,  1895,  150.  See  also  Journal 
of  the  Chemical  Society,  1895,  817. 
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Since  the  publication  of  the  previous  communication  (loc.  cit.), 
Schunck  and  Marchlewski  (Trans.,  1894,  182)  have  prepared  the 
alizarin  /3-monoinethyl  ether  from  alizarin.  This  is  not  identical 
with  that  found  in  chay  root,  which  must  consequently  be  the  a-com- 
CO  OCH, 


pound,  .     The  readiness  with  which  this  is  decom- 


CO 

posed  into  alizarin  by  boiling  with  dilute  alkalis,  readily  accounts  for 
its  non-production  by  the  usual  methods. 


The  Colouring  Matter  of  the  Indian  Dye-stuff  Tesu.1 
By  J.  J.  HUMMEL  and  W.  CAVALLO. 

THIS  yellow  dye-stuff  consists  of  the  dried  flowers  of  Butea  frondosa. 
The  dyeing  power  of  the  flowers  as  sold  is  comparatively  slight,  but  is 
increased  by  boiling  with  diluted  acid,  the  glucoside  of  the  dye-stuff 
becoming  hydrolysed. 

By  boiling  the  aqueous  extract  with  sulphuric  acid,  then  extracting 
with  ether  and  purifying  the  product  by  crystallising  it  from  alcohol 
and  water,  the  authors  obtained  about  one  per  cent,  of  a  substance 
crystallising  in  colourless  needles,  and  melting,  when  rapidly  heated,  at 
217  .  On  analysing  this,  numbers  were  obtained  corresponding  with 
the  formula  C15H14O5. 


The  Colouring  and  other  Principles  contained  in  Mang- 

koudu* 

By  A.  G.  PERKIX  and  J.  J.  HUMMEL. 

MANG-KOUDU  is  the  root  bark  of  Jforinda  umbellata,  largely  used  in 
Java  for  producing  fast  reds  in  the  native  calico  prints.  The  authors 
correct  their  previous  statement  (Trans.,  1893,  1162),  that  its  colour- 
ing matter  was  alizarin,  and  now  show  it  to  be  morindone.  They  have 

1  Reprinted  from  Proceedings  of  the  Chemical  Society,  1894,  11. 
-  Reprinted  from  Proceedings  of  the  Chemical  Society,  1894,  175.     See  also  Journal 
of  the  Chemical  Society,  1894,  851. 
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isolated  11  distinct  substances  from  the  root,  which  also  contains  free 
acid,  the  nature  of  which  has  not  yet  been  determined.  No  cane  sugar 
was  found,  a  distinction  from  chay  root  (loc.  cit.)  and  from  madder. 
Full  details  of  the  methods  employed  in  extraction  and  separation 
are  given,  and  the  behaviour  of  the  substance  as  a  dye-stuff  is 
described. 


The  Colouring  Principles  o/*Ventilago  madraspatana.1 

By  A.  G.  PERKIN  and  J.  J.  HUMMEL. 

Ventilago  madraspatana  is  a  climbing  shrub  indigenous  to  Southern 
India,  where  its  root  bark  is  extensively  employed  by  the  natives  as  a  red 
dye.  On  extracting  the  bark  with  carbon  disulphide,  five  crystalline 
substances  together  with  a  wax  and  a  resinous  colouring  matter  were 
obtained.  The  crystalline  substances  were  found  to  be  (1)  a  mono- 
methyl  ether  of  a  trihydroxy-a-methylanthraquinone  melting  at  200°  and 
crystallising  in  orange-red  needles ;  (2)  a  monomethyl  ether  of  a  trihy- 
droxy-a-methylanthranole  crystallising  in  colourless  needles  of  melting 
point  260° ;  (3)  an  isomeride  of  the  latter,  occurring  in  pale  yellow 
needles  melting  at  173° ;  (4)  a  substance  of  the  composition  C16H8O8 
forming  minute  orange-red  crystals  melting  at  275 — 280° ;  (5)  a 
chocolate-coloured  crystalline  powder  of  the  composition  Cl7H12O-. 

The  resinous  colouring  matter  which  is  named  ventilagin  is  a 
reddish-brown  brittle  substance  of  indefinite  melting  point,  and 
appears  to  be  similar  in  constitution  to  alkannin,  the  red  colouring 
matter  of  alkanet  root  (Anchusa  tinctorial).  The  tinctorial  properties 
of  the  bark  are  somewhat  similar  to  those  of  Camwood  and  Lima- wood, 
but  are  faster  to  soap  although  quite  as  fugitive  to  light. 


The  Constituents  of  Artocarpus  integrifolia.2 

By  A.  G.  PERKIN  and  F.  COPE. 

Artocarpus  integrifolia  is   the  well-known  Jack    Fruit,  cultivated   in 
India,  Burma,  and  Ceylon.     It  is  much  esteemed  for  carpentry,  and 

1  Abstracted  from  Transactions  of  the  Chemical  Society,  1894,  65,  923. 

2  Reprinted  from  Proceedings  of  the  Chemical  Society,  1895,  161.     See  also  Journal 
of  the  Chemical  Society,  1895,  937. 
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is  used  in  conjunction  with  alum  as  a  yellow  dye.  It  contains 
a  yellow  colouring  matter  of  the  formula  C15H10O7,  identical  with 
morin,  and  a  substance  of  the  formula  C15H10O6,  to  which  the  name 
cyanomaclurin  has  been  given.  With  diazobenzene  it  yields  a  com- 
pound, CjjH^CKfC^H-N.,).,,  crystallising  in  scarlet  needles,  which 
dyes  un mordanted  wool  and  silk  orange  to  orange-red  shades,  but 
which  does  not  dye  with  mordants.  When  boiled  with  dilute  acids, 
cyanomaclurin  yields  red-brown  products,  resembling  in  character  the 
so-called  "  anhydrides  "  of  catechin,  which  can  be  produced  from  this 
latter  substance  in  a  similar  way.  That  first  formed  dissolves  in 
hot  water  and  dilute  alkalis,  but  by  longer  treatment  becomes  more 
sparingly  soluble,  and  the  final  product  obtained  is  insoluble  in  dilute 
alkalis  and  the  usual  solvents.  No  glucose  is  produced  during  this 
reaction,  so  that  cyanomaclurin  is  not  a  glucoside.  The  study  of  this 
substance  will  be  continued. 


On  tie   Colouring  Principle   of  Toddalia   aculeata 
Evodia  melisefolia.1 

By  A.  G.  PERKIX  and  J.  J.  HUMMEL. 

Toddalia  aculeata  is  an  Indian  plant  belonging  to  the  Rutaceae.  Its 
root  bark  is  used  in  Madras  as  a  yellow  dye-stuff ;  it  also  possesses 
valuable  medicinal  qualities.  The  authors  find  that  the  colouring 
matter  is  berberine,  contrary  to  the  statement  of  Fliickiger  and 
Hanbury,  who  were  unable  to  detect  this  alkaloid. 

Evodia  mtKafotia,  belonging  to  the  same  natural  order,  is  a  tree 
growing  in  China  and  Japan,  whose  bark  is  largely  employed  in 
medicine  and  in  dyeing.  The  authors  confirm  previous  statements  that 
the  bark  contains  berberine. 

Comparative  dyeing  experiments  on  wool  indicated  that  Evodia  and 
Toddalia  bark  possess  the  same  tinctorial  power  as  a  3  per  cent, 
solution  of  berberine  hydrochloride. 

1  Reprinted  from  Proceedings  of  the  Chemical  Society,  1895,  54.  See  also  Journal 
of  the  Chemical  Society,  1895,  413. 
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Some    Constituents  of   the    Root   of   Polygonum    cuspi- 

datum.1 

By  A.  G.  PERKIN. 

Polygonum  cuspidatum  is  a  native  of  China  and  Japan  and  flourishes 
in  parts  of  India  and  Russia.  The  freshly-gathered  roots  consist  of  a 
thick,  succulent  bark  of  an  orange-red  colour,  and  a  central,  woody 
portion  of  a  light  yellow  tint. 

The  principal  constituent  of  the  root  bark  was  found  to  be  a  gluco- 
side,  C21H20O10,  crystallising  in  lustrous,  yellow  needles  melting  at 
202-203°.  On  hydrolysis,  this  yielded  61-82  per  cent,  of  a  product 
which  was  recognised  as  emodin,  the  reaction  C21H90O10  +  H2O  = 
C15H10O5  +  CgH10O6  requiring  62-5  per  cent,  of  emodin.  This  glucoside, 
for  which  the  name  cuspidatin  is  proposed,  differs  considerably  in 
properties  from  frangulin,  C21H20O9,  the  glucoside  of  emodin  which  is 
contained  in  the  bark  of  the  Rhamnus  frangula. 

A  second  glucoside  was  also  isolated,  but  in  too  small  quantity  for 
analysis.  On  hydrolysis,  it  yielded  a  crystalline  substance  melting 
at  199°,  which  by  treatment  with  sulphuric  acid  at  160°  was  con- 
verted into  emodin.  It  was  found  to  be  identical  with  the  emodin 
monomethyl  ether  previously  isolated  from  the  root  bark  of  Ventilago 
madraspatana  (Trans.,  1894,  923).  The  other  substances  found 
were  a  small  amount  of  free  emodin  and  a  wax  which  crystallised  in 
colourless  leaflets  melting  at  134-135°.  This  latter  was  found  to 
be  identical  with  the  wax  C18HogO,  present  in  the  root  bark  of  the 
Morinda  umbellata  (Trans.,  1894,  854). 

An  examination  is  being  carried  out  of  the  constituents  of  the  roots 
of  the  Polygonum  Bistorta  and  Rumex  nepalensis,  which  are  closely 
allied  to  this  plant. 

1  Reprinted  from  Proceedings  of  the  Chemical  Society,  1895,  175.  Sec  also  Journal 
of  the  Chemical  Society,  1895,  1084. 
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Tie  Colon  ri  in'/  Matters  of  the  Indian  Dye-stuff  Delphinium 

Zalil.1 

By  A.  G.  PERKIN-  and  J.  A.  PILGRIM. 

"  ASBARG  "  consists  of  the  dried  flowers  and  flowering  steins  of  the 
Delphinium  Zalil,  found  in  great  quantity  in  Afghanistan,  and  which 
is  much  used  in  India  for  the  production  of  a  yellow  colour  on  alum 
mordanted  fabrics.  The  flowering  stems  are  nearly  devoid  of  dyeing 
property.  For  the  supply  of  material  we  are  indebted  to  the  authorities 
of  the  Imperial  Institute.  Three  colouring  matters  exist  in  this  plant 
in  the  form  of  glucosides.  The  sparingly  soluble  colouring  matter, 
C1(.H10O7,  forms  glistening  yellow  needles,  soluble  in  alkalis  with 
a  yellow  colour.  Fused  with  alkali  it  yielded  phloroglucinol  and 
protocatechuic  acid,  and  by  means  of  hydriodic  acid  it  yielded  quer- 
cetin with  the  evolution  of  1  mol.  of  methylic  iodide.  By  methylation 
it  was  converted  into  quercetintetramethyl  ether,  and  by  acetylation 
into  a  tetracetyl  derivative  of  the  formula  C1(JHSO7(C0H3O)4,  colour- 
less needles,  m.  p.  195-196°.  It  was  evidently  isorhamnetin,  a  quer- 
cetinmonomethyl  ether,  recently  isolated  from  the  yellow  wallflower, 
Cheiranthus  Cheiri  (Trans.,  1896,  69,  1650).  As  by  oxidation  in 
alkaline  solution  this  yields  vanillic  acid,  it  has  most  probably  the 
constitution  represented  by  this  formula. 

OCH0 

/\    /  u  \        / 
OH^ 


With  alumina  as  mordant  it  dyes  a  purer  yellow  than  quercetin.  The 
chief  constituent  of  the  more  soluble  portion  was  recognised  to  be 
identical  with  quercetin,  the  colouring  matter  of  quercitron  bark. 
The  residual  colouring  matter,  present  only  in  small  quantity,  was  not 
obtained  in  a  pure  condition.  It  resembled  quercetin  in  percentage 
composition,  and  in  its  decomposition  products,  but  differed  from  it  in 
not  reacting  with  alcoholic  potassium  acetate,  and  the  melting  point  of 
its  acetyl  derivative.  "  Asbarg  "  resembles  quercitron  bark  in  dyeing 
property,  but  has  only  35  per  cent,  the  tinctorial  power  of  this  dye-stuff. 
It  contains,  when  freed  from  the  flowering  stalks,  3-47  per  cent,  of 
colouring  matter  (not  as  glucoside). 

1  Reprinted  from  Proceedings  of  the  Chemical  Society,  1898,  55.     See  also  Journal 
of  the  Chemical  Society,  1898,  268. 
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The  Colouring  Matter  of  Cotton  Flowers.1 
By  A.  G.  PERKIN. 

THE  flowers  of  the  cotton  plant,  Gossypium  herbaceum,  are  employed 
as  a  dye-stuff  in  the  Manipur  district  of  India.  They  contain  as 
glucoside  a  new  colouring  matter,  gossypetin,  C16H]2O8,  soluble  in 
alkalis  with  an  orange-red  colour,  becoming  green  on  oxidation.  The 
hexacetyl  compound,  CjgHgOgAc,.,  colourless  needles,  m.  p.  212-216°; 
the  sulphate,  C](,H12O8,H2SO4,  the  hydriodide,  C16H12O8,HI,  orange-red 
needles,  and  the  monopotassium  salt,  C16HUO8K,  a  crystalline  powder, 
have  been  prepared.  Gossypetin  contains  no  methoxyl  groups,  and  on 
fusion  with  alkali  yields  phloroglucinol  and  protocatechuic  acid.  It 
is  probably  a  member  of  the  flavone  group  of  colouring  matters. 
Gossypetin  is  similar  to,  but  not  identical  with,  thujetin,  which  is 
present  in  Thuja  occidentalis  (Kawalier,  Jahresbericht,  1858,  512). 


On  the  Colouring  Matter  contained  in  the  Bark  of  Myrica 

Nagi.2 

By  A.  G.  PERKIN  and  J.  J.  HUMMEL. 

Myrica  Nagi  is  an  evergreen  tree  belonging  to  the  Myricacese,  occurring 
in  the  sub-tropical  Himalayas,  in  the  Khasia  Mountains,  the  Malay 
Islands  and  Japan.  The  bark,  which  is  used  as  a  tanning-agent,  and 
occasionally  in  native  medicine,  was  found  to  contain  a  yellow  colouring 
matter.  This  formed  yellow  needles  closely  resembling  quercetin, 
having  the  formula  C15H]00S  and  yielding  compounds  with  mineral  acids 
C16H1008)  H2S04;  C15H1008,  HBr;  C15H10O8,  HC1;  C15H10OS,  HI;  orange 
to  orange-red  needles  decomposed  by  water  into  free  acid  and  colouring 
matter.  In  strong  solutions  of  alkali  it  dissolves  with  an  orange  colour 
which  on  dilution  and  exposure  to  air  becomes  successively  green,  deep 
blue  and  red  violet.  It  dyes  shades  which  in  their  general  character 
closely  resemble  those  produced  by  quercetin  and  fisetin.  The  acetyl 

1  Reprinted  from  Proceedings  of  the  Chemical  Society,  1899,  161.     See  also  Journal 
of  the  Clwmical  Society,  1899,  825. 

2  Reprinted  from  Proceedings  of  the  Chemical  Society,  1896,  145.     See  also  Journal 
of  the  Chemical  Society,  1896,  1287. 
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derivative  C15H4Os(C0H3O)g,  colourless  needles,  m.  p.  203-204",  and  the 
benzoyl  compound,  C15H4O8(C7H5O)6  m.  p.  233-236",  are  described. 
With  fused  alkali  it  yields  phloroglucinol  and  gallic  acid,  and  with 
bromine  a  compound  (orange-brown  needles,  m.  p.  235-240  )  the  analy- 
tical numbers  for  which  agree  with  the  formula  C15H6O8Br4.  This  is 
probably  a  tetrabromo-derivative  of  the  colouring  matter,  but  on 
account  of  its  somewhat  peculiar  properties  it  will  require  further 
examination.  The  results  of  this  investigation  show  that  this  colouring 
matter,  for  which  the  name  Myricetin  is  proposed,  is  most  probably  a 
hydroxyquercetin, 

O  OH 


OH 


\/ 
OH  CO 


and  experiments  with  its  alkyl  ethers  will  be  carried  out  to  confirm 
this  point.  Its  colour  reactions  with  dilute  alkali  are  probably  due  to 
the  oxidation  of  the  pyrogallol  nucleus  it  contains.  The  amount  of 
my  rice  tin  isolated  varied  from  '23  to  "27  per  cent.,  and  the  amount  of 
tannin  estimated  under  the  direction  of  Mr.  H.  H.  Proctor,  lecturer 
on  leather  industries,  Yorkshire  College,  was  found  to  be  27'30  per  cent. 


The  Constituents  of  Gambler  and  Acacia  Catechus.1 
By  A.  G.  PERKTN*  and  E.  YOSHTTAKE. 

THE  short  paper  on  catechin,  just  published  (Kostanecki  and  Tambor, 
Her.,  1902,  35,  1867),  renders  it  necessary  to  give  the  results  of  an 
investigation  which  has  been  in  progress  for  more  than  two  years. 
The  gambier  catechu  employed  has  been  found  to  contain  two  catechins 
(b)  and  (c),  and  a  third  (a)  has  been  isolated  from  the  acacia  catechu. 

Catechin  (b),  CJ5H14O6,  4H0O,  air-dried,  colourless  needles,  corresponds 
in  its  melting  point,  175 — 177:,  with  Gautier's  (b)  catechin  (Bull., 
1879,  30,  567),  and  gives,  on  fusion  with  alkali,  phloroglucinol,  proto- 
catechuic  acid,  and  an  acid  resembling  acetic  acid.  The  ditazobenzena 
compound  (compare  Etti,  Mortals.,  1881,  2,  552),  C^H^O^CgH -  N  . 
salmon-red  needles,  m.  p.  193 — 195°;  its  triacetyl  derivative, 

1  Reprinted  from  Proceedings  of  the  Chemical  Society,  1902,  139.  See  also  Journal 
of  the  Chemical  Society,  1902,  81,  1160. 
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C15H9O6(C6H5N2)2(C2H3O)3,  orange-red  needles,  m.  p.  253—255°; 
pentabenzoyl  catechin,  C15H9O6(C7H5O)5,  colourless  needles,  m.  p. 
151 — 153°,  and  tetrabenzoyl  catechin,  prismatic  needles,  m.  p. 
171 — 172°,  have  been  studied.  Molecular  weight  determinations  by 
the  cryoscopic  method  of  the  two  latter  compounds  confirm  these 
formulae. 

Catechin  (c),  C15H1406,  air-dried,  contains  no  water  of  crystallisation, 
and  forms  colourless  prisms,  m.  p.  235 — 237°.  It  yields  an  azobenzene 
compound,  C15H12Oti(C6H5N2)2,  orange-red  needles,  m.  p.  215 — 217°, 
the  acetyl  derivative  of  which  melts  at  250 — 253°,  and  on  fusion  with 
alkali  gives  phloroglucinol  and  protocatechuic  acid.  It  has  been  found 
at  present  only  in  minute  quantity. 

Catechin  («),  C15H14O6,3H2O  (or  less  probably  C14H14O6,3H2O),  air- 
dried,  forms  colourless  needles  and  corresponds  in  its  melting  point, 
204 — 205°,  with  Gautier's  (a)  catechin.  Molecular  weight  determinations 
of  the  pentabenzoyl  derivative  (prismatic  needles,  m.  p.  181 — 183°)  coin- 
cide with  this  formula.  The  azobenzene  compound,  C15H1906(C6H5N0)2, 
needles,  m.  p.  198  —  200°,  gives  a  triacetyl  derivative, 
C15H9O6(C6H5N2),(C2H3O)3,  orange-red  leaflets,  m.  p.  227—229°.  Fusion 
with  alkali  gave  phloroglucinol,  protocatechuic  acid,  and  an  acid 
resembling  acetic  acid. 

Cyanomaclurin  (Trans.,  1895,  67,  939),  a  constituent  of  Artocarpus 
integrifolia,  has  been  found  to  contain  a  phloroglucinol  group  and  is 
probably  isomeric  with  these  catechins. 
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256,  259-262 
Asbestos,  42 

Balla-balla,  310 
Bamba-kofi  Wood,  294 
Banana  Fibre,  Long,  105 
„  „       Silver,  105 

Bassia  butyracea,  Oil  of,  126 
•  „       latifolia,     Oil     of      (Mahua 

butter),  126,  131 
Bauhiiiia  retusa  (Semla),  Gum  of, 

159 

Berria     Ammonilla    (Halmilla     or 
Trincomali   Wood),   Wood    of, 
256,  259-262 
Billy  Web,  Wood  of,  286 
Black  Maya,  Wood  of,  286 

„       Poison,  Wood  of. 
Boronia   polygalifolia,  Oil   of,   111, 

121 

Boswellia  serrate  (Salhar),  Gum  of, 
162 
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Brassica  alba,  Oil  of,  126,  131 

,,        campestris,  Oil  of,  126,  131 
„        juncea,  Oil  of,  126,  131 
,,         Napus    (Lutni     Mustard), 

Oil  of,  126,  131 
nigra,  Oil  of,  126,  131 
Bruguiera     gymnorhiza,     Bark    of, 

186-190 
Buchanania  latifolia  (Pial),  Gum  of, 

161 
,,  latifolia,    Oil    of,    126, 

131 

Bullet  Wood,  286 
Butea  frondosa,  Dye  of,  218 

Csesalpinia  coriaria  (Divi-divi),  Pods 

of,  191,  199 

„          digyna,  Pods  of,  192-7 
Callitris        arborea        (Clanwilliam 

Cedar),  Wood  of,  274,  280 
Calophyllum  bracteatum       (  Walu- 
kina),  Wood  of,  253, 
259-262 

,,  Burmanni  (Gurukina), 

Wood  of,  247,  259- 
262 
,,  Calaba  (Santa  Maria), 

Wood  of,  286 
,,  Inophyllum,    Oil     of, 

310 
Calotropis  gigantea  (Madar),  Fibre 

of,  76 

Calotropis  procera,  Floss  of,  78 
Canonia     capensis     (Red     Els     or 

Alder),  Wood  of,  276,  280 
Capsicum  baccatum,  Fruits  of,  309 
Carallia  calycina  (Ubberiya),  Wood 

of,  250,  259-262 
„        integerrima         ( Dawata ), 

Wood  of,  250,  259-262 
Carapa      guianensis       (Crabwood), 

Wood  of,  284-5 
Oil,  135 
Cartharnus  Oxyacantha,  Oil  of,  128, 

132 
„  tinctorius,  Oil  of,   128, 

131 
Caryocar      tomentosum      (Souari), 

Wood  of,  283-285 
Cassia  auriculata,  Bark  of,  184,  185 


Castor  Oils,  137-141 

Casuarina    quadrivalvis    (She-oak), 

Wood  of,  301 
Catalpa   longissima    (Yoke  Wood), 

Wood  of,  263,  265,  267 
Catechin,  Dyeing  properties  of,  220 
Catechu,  Constituents  of,  II,  223 
Catechu-Tannic  Acid,   Dyeing  pro- 
perties of,  220 

Ceriops  Candolleana,  Bark  of,  186- 
190 

,,         Roxburghiana,     Bark     of, 

184,  186-190 

Chenopodium  album,  Grain  of,  235 
Chinyanji  (Chimakuti)  Fibre,  97 
Chione  glabra,  Volatile  oil  of,  II, 

92 

Chloroxylon        Swietenia        (Satin 
Wood),  Wood  of,  248,  259-262 
Chrome  Iron  Ore,  26 
Cicer  songaricum,  Grain  of,  233 
Cinnamomum  pedatinervium,  Bark 

of,  310 
Clay  :— 

Grenadines  (St.  Vincent),  37 

New  Zealand,  35,  43 . 

Vancouver  Island,  34 
Coal  :— 

Assam,  328,  350,  359 

Baluchistan,  327,  350,  359 

Bengal,  19,  322,  350-5,  359 

Brazil,  9 

British  Central  Africa,  1-3 

Burma,  328,  355,  359 

Central  India,  326,  355-6 

Central    Provinces,     India,    325, 
356,  359 

India,  319 

Kashmir,  328 

Madras,  326 

Natal,  8 

Newfoundland,  7 

Nizam's  Dominions,  India,  326, 
357 

Punjab,  327,  357-8 

Rajputana,  327 

Trinidad,  9 

Victoria  (Australia),  3 

Western  Australia,  5 
Cocoanut  Fibre,  79 
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Cocos    nucifera   (Cocoanut    Palm), 

Oil  of,  128,  l:>i' 
Cohune  Nut  Oil,  141 
Copper  Or- 
Cordia    geraschanthoides    (Spanish 

Elm),  Wood  of,  263,  265,  267 
Cordyline  australis,  Fibre  of,  91 
Banksii,  Fibre  of,  91 
Baueri,  Fibre  of,  91 
Cookii,  Fibre  of,  91 
stricta,  Fibre  of,  91 
Veitchii,  Fibre  of,  91 
Crescentia  Cujete  (Calabash),  Wood 

of,  263,  267 
Crotalaria    juncea    (Sunn    Hemp), 

Fibre  of,  69 
Curtisea    fauinea    (Assegai    Tree), 

Wood  of,  271,  276,  280 
Cyanogenesis  in  Plants,  II,  101, 

121 
Cyanotis  axillaris,  Grain  of,  237 

Datisca  cannabina,  Dye  of,  215 
Datura    Stramonium,    Alkaloid    of, 

II,  36 
Delphinium    Zalil,     Dye    of,    214 ; 

II,  221 
Dichopsis      petiolaris      (Tawenna), 

Wood  of,  250,  259-262 
Dilo  Oil,  310 
Dipholis  nigra  ( Cherry  Bullet  Tree), 

WTood  of,  263,  266,  267 
Dracaena  Draco,  Fibre  of,  90 
Dyestuffs,  Vegetable : — 

Artocarpus  integrifolia,  215;  II, 

218 

Butea  frondosa,  218 
Catechin,  220 
Catechu,  II,  223 
Catechu-Tannic  Acid,  220 
Ceriops  Candolleana,  189 
Datisca  cannabina,  215 
Delphinium  Zalil  (Asbarg),  214; 

II,  221 

Evodia  melia?folia,  217  ;  II,  219 
Gambier,  II,  223 
Gossypium     herbaceum     (Cotton 

Flowers),  216;  II,  222 
Indigo,  305 
Kandelia  Rheedii,  189 


Dyestuffs,  Vegetable  (cont.) 

Mallotus   philippensis   (Kamala), 

216;  II,  213-4 

Morinda  citrifolia  (Al-dye),  209 
„         umbellata          (  Mang 

koudu),  210;  II.  217 
MyricaNagi,  214;  II,  222 
Oldenlandia     umbellata      (Chay 

Root),  207  ;  II,  215-6 
Polygonum  cuspidatum,  II,  220 
Ivhizophora  mucronata,  189 
Rubia  cordifolia  (Manjit  Root), 
211 

„       khasia,  211 

„       sikkimensis,  211 ;  11,215 
Sophora  japonica,  213 
Terminalia  Oliveri,  189 
'•Tesu,"  II,  217 

Toddalia  aculeata,  217;  II,  219 
Ventilago     madraspatana,     212  : 

II,  218 

Ekki  Wood  (African  Oak),  297 
Ebeis  guineensis,  Fibre  of,  105 
Eheodendron  croceum  (Saffraan  or 
Crocus),  Wood  of,  L'Ti',  274,  280 
Eleusine  coracana,  Grain  of,  239 
Eperua  falcata  (Wallah),  Wood  of, 

281,  285 

Eruca  sativa,  Oil  of,  128,  132 
Essences : — 

Jonquille,  112,  122 
Millefleurs,  112,  122 
•  Tuberose,  112,  122 
Eucalvptu<    citriodora,  Oil  of,  112, 

122 
„  corymbosa  (Blood wood), 

Wood  of,  287-8 
„          corynocalyx         (  Sugar 
Gum),  Wood  of,  301 
„          globulus    (Blue    Gum), 

Wood  of,  273,  280 
„  goniocalyx        ( Bastard 

Box),  Wood  of,  298 
„  hemiphloia  (Box  Gum). 

Wood  of,  300 
„          leucoxylon  (Blue  Gum), 

Wood  of,  300 

„  niaculata  (Spotted  Gum), 

Wood  of,  287-8 
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Eucalyptus  obliqua  (Stringy  Bark), 

Wood  of,  288-9,  302 

,,  odorata        (Peppermint 

Gum),  Wood  of,  300 

,,  paniculata  (Pink  Gum), 

Wood  of,  302 
„  pilularis    (Black    Butt), 

W^ood  of,  287-8 
„  rostrata     (Red     Gum), 

Wood  of,  299 
„  tereticornis  (Blue  Gum), 

Wood  of,  287-8 
„  viminalis  (Manna  Gum), 

Wood  of,  302 
Euriballi  Wood,  284-5 
Euryale  ferox,  Grain  of,  236 
Evodia  melisefolia,  Dye  of,  217 ;  II, 
219 

Fagus        Cunninghamii        (Myrtle 

Wood),  Wood  of,  288-9 
Felspar,  45 
Fibres  :— 

Introduction,  56 
Abroma  augusta,  68 
Abutilon  Bedfordianum,  92 
Acrocomia      sclerocarpa      (Groo- 

Groo),  101 

Agave  americana,  58,  90 
„       Karatto,  89 
,,       mexicana,  89 
„       rigida   (Sisal   Hemp),  71, 

81,  90,  95,  100,  102 
„       Rumphii,  89 
Ananus  sativus  (Pineapple),  73 
Aramina,  108 
Arrowroot  Lily,  81 
Banana,  Long,  105 
„        Silver,  105 
Bast,  98 
Brazil,  108 

British  Central  Africa,  97-100 
Calotropis  gigantea  (Madar),  76 

,,         procera,  78 
Canada,  104 

Chinyanji  (Chimakuti),  97 
Cocoanut,  79 
Cordyline  australis,  91 
„          Banksii,  91 
„          Baueri,  91 


Fibres  (cont.) 

Cordyline  Cookii,  91 
,,         strict  a,  91 
„         Veitchii,  91 
Crotalaria  juncea  (Sunn  Hemp), 

69 

Dracaena  Draco,  90 
Elteis  guineensis,  105 
Furcrsea  cubensis,  105 

„         gigantea        (  Mauritius 
Hemp),  79,  90,  102 
Grenada,  102 
Grewia  occidentalis,  93-4 
Hibiscus  Abelmoschus,  68 
cannabinus,  69 
heterophyllus,  96 
mutabilis,  93 
Sabdariffa,  96 
Fibre     (Abutilon     peri- 
plocifolium  ?),  105 
India,  58-88 
Ischsemum  angustifolium  (Sabai), 

74 

Jute,  60,  86 
Kniphofia  aurea,  90 

,,          grandiflora,  90 
,,          recurvata,  90 
,,          Rooperi,  90 
Lavatera  arborea,  92 

,,  maritima,  93 
Malachra  capita ta,  68 
Melilotus  alba  (Sweet  Clover), 

104 

New  South  Wales,  95 
Phoenix  paludosa,  75 
Plagianthus  betulinus,  92 
,,  pulchellus,  93 

Plantain,  105 
Queensland,  96 
St.  Vincent,  101 
Sansevieria  guineensis,  105 

„  zeylanica,  72,  102 

Sida  carpinifolia,  59 
,,     cordifolia,  59 
,,     mollis,  92 
,,     rhombifolia,    var.     rhomboi- 

dea,  59 

Sierra  Leone,  105-108 
Sparmannia  africana,  93 
Sphseralcea  umbellata,  93 
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Sterculici  acerifolia,  94 

„         diversifolia,  94 
Tacca  pinnatifida  (Tacca),  74 
Trinidad,  100 
Urena  lobata,  69 
Victoria,  88-95 
Villebrunea      integrifolia      (Ban 

Rhea),  76 
Yucca  aloifolia,  89 
„      flexilis,  89 
„      gloriosa,  89 
Ficus  elastica,  Rubber  of,  146,  151. 

153 

„      macrophylla,  Rubber  of,  151 
Flindersia    australis    (Crow's  Ash), 

Wood  of,  287-8 
Fodder  plants,  poisonous,  232  ;  II, 

101,  121 
Food  Grains : — 

Chenopodium  album,  235 
Cicer  songaricum,  233 
Cyanotis  axillaris,  237 
Eleusine  coracana,  239 
Euryale  ferox,  236 
Indigofera  cordifolia,  238 
,,          cjlandulosa,  238 

linifolia,  237 
Lathyrus  sativus,  234 
Oryza  coarctata,  238 
Perilla  ocimoides,  236 
Phaseolus  calcaratus.  234 
Pi  sum  arvense,  235 
Ragi  Tailings,  239 
Frenela     robusta     (Native     Pine), 

1  of,  301 

Furcrsea  cubensis.  Fibre  of,  105 
„        gigantea,  Fibre  of,  79,  90, 
102 

Gambier,  constituents  of,  II,  223 
Garcinia  indica,  Oil  of,  128,  132 
Geranium,    African,    Oil    of,    113, 

122 

Rose,  Oil  of,  113,  122 
Gossvpium      herbaceum       (Cotton 

flowers),  Dye  of,  216;  II,  222 
Goupia       tomentosa      (Kabucalli), 

Wood  of,  283-5  :   II,  97 
Granadilla  Wood,  286 


Graphite,  43 

Greenstone,  45 

Grewia  occidentalis,  Fibre  of,  93-4 

Guizotia    abyssinica,    Oil    of,    128, 

133 
Gums : — 

Bauhinia  retusa  (Semla).  159 

Boswellia  serrata  (Salhar),  162 

Buchanania  latifolia  (Pial),  161 

India,  158-167 

Odina  Wodier  (Jingan),  160 

Prunus  eburnea,  165 

Southern  Nigeria,  167 
Gutta-percha  : — 

Bahr-el-Ghazal  (Soudan),  156 

Habing  Wood,  286 

Hsematite  Paints,  22 

Heritiera    littoralis    (Chomuntiri  >. 

Wood  of,  254,  259-262 
Hevea  brasiliensis  (Para  Rubber), 

147,  148.  151 
Hibiscus    Abehnoschus,    Fibre    of, 

68 

„         cannabinus,  Fibre  of,  69 

„         elatus  (Blue  or  Mountain 

Mahoe),  Wood  of,  264. 

267 

„         heterophyllus,    Fibre  of, 

96 

„         mutabilis,  Fibre  of,  93 
Sabdariffa,  Fibre  of,  96 
„         Fibre,  105 
Hogmeat  Wood,  265,  267 
Hydroxylamine,    action     of     alkyl 

haloids  on,  II,  165 
Hymensea  Courbaril  (Locust  Wood), 

Wood  of,    283-5,  292-3 
Hyoscvamus  muticus,  Alkaloid  of, 
171;  II,  31,  36 

Indigo,  305 

Indigofera  cordifolia,  Grain  of,  238 
„  glandulosa,  Grain  of,  238 

„  linifolia.  Grain  of,  237 

Iroko  Wood,  297 
Ironbark,  Wood  of,  297 
Iron  Ores : — 
India,  12-19 
Newfoundland,  25-6 
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Iron  Ores  (cont.) 
New  Zealand,  22 
West     Shire     District,     British 

Central  Africa,  40 
Ischtemum    angustifolium    (Sabai), 

Fibre  of,  74 

Ixora   ferrea    (Hackia),    Wood    of, 
283-5 

John  Crow  Wood,  286 
Jonquille,  Essence  of,  112,  122 
Juglans  regia,  Oil  of,  128,  133 
Juniperus  virginiana  (Red  Cedar), 

Wood  of,  292-3 
Jute  Fibre,  60,  86 

Kandelia  Rheedii,  Bark  of,  186-190 

Kaolin,  37 

Kino,  175 

Kniphofia  aurea,  Fibre  of,  90 

,,         grandiflora,  Fibre  of,  90 
,,         recurvata,  Fibre  of,  90 
,,         Rooperi,  Fibre  of,  90 

Lagerstrcemia  Flos-reginse  (Pyinma), 

Wood  of,  292-3 
Lathyrus  sativus,  Grain  of,  234 
Lavatera  arborea,  Fibre  of,  92 

,,          maritima,  Fibre  of,  93 
Lavender,  Oil  of,  114,  122 
Leather : — 

New  South  Wales,  201 
Queensland,  203 

Lepidium  sativum,  Oil  of,  128,  133 
Limestone,  22 
Linum  usitatissimum,   Oil  of,   128, 

133 

Locust  Wood,  286 
Lotus  arabicus,  Poison  of,  II,  101 
Lucuma        mammosa        (Mammee 

Sapota),  Wood  of,  264,  267 
Luffa  segyptiaca,  Oil  of,  128,  133 

Mafoureira  Nut  Oil,  142 
Malachra  capitata,  Fibre  of,  68 
Mallotus      philippensis     (Kamala), 

Dye  of,  216;  II,  213-4 
Mammea      americana     (Mammea), 

Wood  of,  264,  267 
Manganese  Ore,  48 


Mango  Bark,  200 

Mangrove  Barks,  186 

Manihot  Glaziovii  (Ceara  rubber), 

147,  151 

M'Bebeda  Wood,  294 
Medicinal  Plants  : — 
Introduction,  169 
Aconites,  II,  40,  49 
Datura  Stramonium,  II,  36 
Hyoscyamus    muticus,    171 ;   II, 

31,  36 
Kino,  175 
Opium,  172 
Podophyllum  Emodi  and  P.  pel- 

tatum,  II,  1 
Strychnos  Rheedii,  174 
Melia  Azadirachta  (Margosa),  Wood 

of,  251,  259-262 
„     dubia    (Lunumidella),    Wood 

of,  252,  259-262 
Melilotus  alba  (Sweet  Clover),  Fibre 

of,  104 

M'Gambo  Wood,  294 
M'Gate  Wood,  295 
M'Gurure  Wood,  295 
M'Guvi  Wood,  295 
Mica  :— 
Canada,  28 
Jeypore,  27 
Somaliland,  32 
Southern  Nigeria,  30 
Michelia  Champaca  (Sapu  or  Cham- 
paca),  Wood  of,  246,  259-262 
Millefleurs,  Essence  of,  112,  122 
Mimusops    Kauki    (Bullet     Tree), 

Wood  of,  282,  285 
,,  obovata      (Red      Milk- 

wood),      Wood      of, 
290-1 
Minerals,  various  : — 

Greenstone  from  New  Zealand,  45 
Mineral  from  Binn,  Co.  Donegal, 

Ireland,  45 
Minerals  from  Broussa,  51 

„  „     the  Marimba  Dis- 

trict, British 
Central  Africa, 
40 

,,  „     Northern  Nigeria, 

54 
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Minerals  (<-n»t.) 

Rocks      from      British     Central 

Africa,  39 
Rock,     decayed,    from     Songaui, 

British  Central  Africa,   40 
Sand  from  Zoniba,  British  Central 

Africa,  39 

„        „      Kotakota,  British 

Central  Africa,    40 
,,     Quartz  from  New  Zealand, 

43 
Stone  from  Mount  Zoniba,  British 

Central  Africa,  40 
M'Khu  Wood,  294 
Mora    excelsa    (Morawood),    Wood 

of,  282-285 

Morinda  citrifolia  (Al-dye),  209 
„         umbellata     (Mang-koudu). 
Dye  of,  210;  II,  217 
MTingu  Wood,  2(J4 
M'Rihi  Wood,  294 
Muhuhu  Wood,  295 

Myrica    Nagi,    Dye    of,    214;     II, 
"ooo 

Myrsine  melanophleos  (Cape  Beech), 

Wood  of,  276,  280 
Myrtle,  Oil  of,  115,  122 

Nectandra    Rodioei      (Greenheart), 

Wood  of. 
,,          species     (Light  -  brown 

Cirouballi),  Wood  of, 

283-5 

Nigella  sativa,  Oil  of,  128,  133 
Nitro-param'ns,  Action  of  alkalis  on, 

H, 

Nuxia  Uoribunda  (Vlier  or  Elder), 
Wood  of,  27-". 

Ocotea  bullata  (Stinkwood),  Wood 
of,  277,  280 

Odina  Wodier    (Jingan),    Gum    of, 
160 

Oganwo  Wood,  298 

Oils,  essential : — 
Absinthe,  110,  121 
Anise,  110,  121 
Boronia  polygalifolia,  111,  121 
Cinnamomum  pedatinervium,  310 
Eucalyptus  citriodora,  112,  122 


Oils,  essential  (<•<>• 

Geranium,  African,  113,  122 

Rose,  113,  122 
Lavender,  114,  122 
Myrtle,  115,  122 
Pennyroyal,  117,  122 
Peppermint,  116,  122 
Rose,  Otto  of,  116,  122 
Rosemary,  US,  122 
Sage,  119,  123 
Tansy,  119,  123 
Thyme  of  the  Alps,  120,  123 

„      Lemon,  114,  122 
Vervain.  121,  123 
Mis,  fixed  : — 

Amoora  Rohituka,  126,  130 
Anacardium  occidentale  (Cashew 

nut),  126,  130 
Andiroba  Nut  Oil,  136 
Arachis  hypoga^a,  126,  130 
Anemone  mexicana.  126,  131 
~ia  butyracea.  126 
„      latifolia   (Mahua   butter), 

126,  131 
Brassica  alba,  126,  131 

,,         campestris.  126,  131 
juncea,  126,  131 
Napus  (Lutni  mustard), 

126,  131 
nigra,  126,  131 

Buchanania  latifolia,  126,  131 
C'alophyllum  Inophyllum,  310 
Carapa  Oil,  135 
Carthamus  Oxyacantha,  128.  132 

tinctorius.  128,  131 
Castor  Oils.  137-141 
Cocos  nucifera  (Cocoanut  palm), 

12s.  132 

Cohune  Nut  Oil.  141 
Dilo  Oil,  310 
Eruca  sativa,  128.  132 
Garcinia  indica,  128,  132 
Guizotia  abyssinica  (Niger  Seed), 

128,  133" 
Juglans  regia  (Walnut  Tree),  128, 

133 
Lepidium  sativum  (Garden  Cress), 

128.  133 

Linum   usitatissimum    (linseed), 
128,  133 
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Oils,  fixed  (cont.) 

Luffa  segyptiaca,  128,  133 
Mafoureira  Nut  Oil,  142 
Nigella    sativa    (Small    Fennel), 

128,  133 

Olea  europsea,  128,  133 
Papaver   somniferum  (Opium  or 

White  Poppy),  128,  133 
Prunus       Armeniaca       (Apricot 

Kernel),   128,    133 
Raphanus  sativus  (Radish  Seed), 

128,  133 

Tung  Oil  (Chinese  Wood  Oil),  134 
Vateria  indica,  128,  133 
Oldenlandia  umbellata  (Chay  Root), 

Dye  of,  207 ;  II,  215-6 
Olea  europ^ea,  Oil  of,  128,  133 
Olea    laurifolia    (Black    Ironwood), 
Wood  of,  271,  274,  280,  290-1 
Olinia  cyniosa  (Hard  Pear),  Wood 

of,  278,  280 
Opepe  Wood,  298 
Opium,  172 

Oryza  coarctata,  Grain  of,  238 
Oximes,  Action  of  alkyl  haloids  on, 
II,  157,  198 

Papaver   somniferum,   Oil    of,    128, 

133 

Pennyroyal,  Oil  of,  117,  122 
Peppermint,  Oil  of,  116,  122 
Pericopsis  Mooniana  (Nedun),  Wood 

of,  258,  259-262 
Perilla  ocimoides,  Grain  of,  236 
Persea  semicarpifolia  (Ranai),  Wood 

of,  254,  259-262 
Petroleum,  49 

Phaseolus  calcaratus,  Grain  of,  234 
Phoenix  paludosa,  Fibre  of,  75 
Pinus    Khasya,     Turpentine    from, 

167 
„       Merkusii,  Turpentine   from, 

167 
„        Pinaster      (Cluster      Pine), 

Wood  of,  273,  280 
„       Pinea    (Stone    Pine),   W'ood 

of,  272,  280 
Piscidia  species  (Dogwood),  Wood 

of,  286 
Pisum  arvense,  Grain  of,  235 


Plagianthus  betulinus,  Fibre  of,  92 
„  pulchellus,  Fibre  of,  93 

Plantain  Fibre,  105 
Platylophus  trifoliatus  (White  Els 

or  Alder),  Wood  of,  278,  280 
Pleurostylia      Wightii      (Panaka), 

Wood  of,  247,  259-262 
Podocarpus  coriacea  (Blue  Mountain 
Yacca),  Wood  of,  265, 
267 

,,  elongata  (Common  Yel- 

low Wood),  Wood  of, 
270,  277,  280 

„  Purdieana     (St.     Ann's 

Yacca),  Wood  of,  265, 
267 

„  Thunbergii    (Real   Yel- 

low Wood),  Wood  of, 
270,  276,  280 

Poclophyllin,     Physiological    action 
and  therapeutic  properties  of, 
II,  19 
Podophyllum  Emodi  and  P.  pelta- 

tum,  Constituents  of,  II,  1 
Polygonum        cuspidatum,        Con- 
stituents of  root,  II,  220 
Prunus  Armeniaca,  Oil  of,  128,  133 
,,       eburnea,  Gum  of,  165 
„       occidentalis  (Prune),  Wood 

of,  264,  267 
Psidium       montanuin       (Mountain 

Guava),  Wood  of,  264,  267 
Ptteroxylon      utile      (Sneezewood), 

Wood  of,  269,  280,  290-1 
Pterocelastrus     rostratus      (White 
Pear),   Wood   of, 
290-1 

,,  variabilis    (Cherry- 

wood),  Wood  of, 
275,  280 

Pterospermum    suberifolium    (Vin- 
anku),    Wood    of,     248,    259- 
262 
Purple  Heart,  Wood  of,  286 

Ragi  Tailings,  239 
Raphanus  sativus,  Oil  of,  128,  133 
Red  Wood,  286 

Rhizophora    rnucronata,    Bark    of, 
186-190 


INDEX 


Rose,  Otto  of,  116,  122 

mary,  Oil  of,  118,  122 
Rubber  : — 

Introduction.  14~> 
Bahr-el-Ghazal  (Soudan),  154 
Ficus  elastica,  146,  151,  153 
Ficus  macrophylla,  151 
Hevea  brasiliensis  (Para  Rubber), 

H7,  148,  151 
India,  146-151,  153 
Khartoum.  1 1  I 

Manihot    Glaziovii    (Ceara    Rub- 
ber), 147,  151 
Zululand.  152 
Rubiacordifolia(Manjit  Root),  Dve 

of,  211 
„       khasia.  Dye  of,  211 

sikkimensis,    Dye    of,    211  : 
II,  215 

Sage,  Oil  of,  119,  123 

Salm  wood,  286 

Sand  from  Kotakota.  British  Central 

Africa,  40 
„        „     Zomba,    British    Central 

Africa.  39 

„     Quartz  from  Xew  Zealand,  43 
Sandarac  Resin,  Constituents  of,  II, 

133 

Sansevieria  guineensis.  Fibre  of,  105 
„  zeylanica.  Fibre  of.  72. 

102 

Sapota  Sideroxylon  (Naseberrv 
Bullet  Tree").  Wood  of,  263, 
266,  267 

Shale,  bituminous,  8 
Sida  carpinifolia,  Fibre  of,  59 
..     cordifolia,  „        59 

„    mollis,  Fibre  of,  92 
„     rhombifolia,   var.  rhomboidea, 

Fibre  of,  59 
Simaruba  officinalis,  Wood  of,  283- 

285 

Sophora  japonica,  Dye  of,  213 
Sorghum    vulgare    (Great    Millet), 

Poison  of,  II,  121 
Spanish  Oak,  292-3 
Sparmannia  africana.  Fibre  of,  93 
Sphseralcea  umbellata,  Fibre  of.  93 
Sterculia  acerifolia.  Fibre  of,  94 


Sterculia  diversifolia,  Fibre  of,  94 
Stone,  Lithograph  i 
Strychnos  Rheedii,  Seeds  of,  174 
Sumach.  Staghorn,  197 
Symphonia     globulifera     (Hog     or 
Boar  Gum),  Wood  of,  265,  267 

Tacca  pinnatifida  (Tacca),  Fibre  of, 

74 

Tallow  Wood,  287-8 
Tanning  Materials  : — 
Acacia  arabica,  184,  l^~> 
Alnus  nitida,  184 
Bruguiera  gymnorhiza,  186-190 
Csesalpinia    coriaria   (Divi-  Divi), 

191,  199 
„  digyna,  1 

Cassia  auriculata,  184. 
Ceriops  Candolleana,  186-190 
„         Roxburghiana,  184,  186- 

190 

Kandelia  Rheedii,  186-190 
Mango  Bark.  200 
Mangrove  Barks,  186 
Rhizophora  mucronata.  186-190 
Sumach,  Staghorn,  197 
Terminah'a  Chebula. 

„          Oliver!,  187-190 
Tansy,  Oil  of,  119,  123 
Termiualia  Chebula,  Fruits  of    184 
„  Hilariana  (Yellow  Sand- 

ers),   Wood    of, 

Oliver!,    Bark   of,   187- 

190 
-Tesu,"  Colouring   matter   of,    II, 

217 
Thespesia  populnea  (Suriya),  Wood 

of,  255,  259-262 
Thyme  of  the  Alps,  Oil  of,  120,  123 

Lemon,  Oil  of,  114,  122 
Timbers  : — 

Introduction,  243 
Acacia  dealbata.  314 

„       melanoxylon(Blackwood) 

_—-9,  303 
„       mollissima.  314 
Africa,  East,  293 
Agathis   australis  (Kauri   Pine), 
291,  293 


234 


INDEX 


Timbers  (cant.) 

Albizzia  fastigiata  (Flat  Crown), 

290-1 

„         Lebbek     (East     Indian 
Walnut),  292-3,  303 
,,         odoratissima    •     (Suriya 
Mara),  257,  259-262 
Andira    inei'mis    (Bastard    Cab- 
bage), 263,  265,  267,  286 
Apodytes  diniidiata  (White  Pear), 

272,  278,  280 
Artocarpus  integrifolia(Jak),  255, 

259-262 
nobilis     (Del),     256, 

259-262 

Australia,  South,  298 
Bamba-kofi,  294 

Berria  Ammonilla   (Halmilla   or 
Trincomali  Wood),  256, 259-262 
Billy  Web,  286 
Black  Maya,  286 
Black  Poison,  286 
British  Guiana,  281 

„        Honduras,  285 
Bullet  Wood,  286 
Callitris      arborea     (Clanwilliam 

Cedar),  274,  280 

Calophyllum  bracteatum  (Walu- 
kina),  253,  259- 
262 

„  Burmanni      (Guru- 

kina),  247,  259- 
2G2 
,,  Calaba  ( Santa 

Maria),  286 
Canonia       capensis      (Red      Els 

or  Alder),  276,  280 
Cape  Colony,  268 
Carallia  calvcina  (Ubberiya),  250, 

259-262 
„         integerrima      (Dawata), 

250,  259-262 
Carapa    guianensis    (Crabwood), 

284-5 
Caryocar    tomentosum    (Souari), 

283-285 
Casuarina  quadrivalvis  (She-oak), 

301 

Catalpa  longissima  (Yoke  wood), 
263,  265,  267 


Timbers  (cont.) 
Ceylon,  244 

Chloroxylon     Swietenia     (Satin- 
wood),  248,  259-262 
Cordia  geraschanthoides  (Spanish 

Elm),  263,  265,  267 
Crescentia  Cujete  (Calabash),  263, 

267 
Curtisea  faginea  (Assegai  Tree), 

271,  276,  280 
Dichopsis    petiolaris   (Tawenna), 

250,  259-262 
Dipholis    nigra    (Cherry    Bullet 

Tree),  263,  266,  267 
Ekki  (African  Oak),  297 
Elfeodendron    croceum    (Saffraan 

or  Crocus),  272,  274,  280 
Eperua    falcata     (Wallah),    281, 

285 

Eucalyptus  corymbosa       (Blood- 
wood),  287-8 
„  corynocalyx     (Sugar 

Gum),  301 
„  globulus  (Blue  Gum), 

273,  280 
,,  goniocalyx    (Bastard 

Box),  298 
,,  hemiphloia         ( Box 

Gum),  300 
,,  leucoxylon         (Blue 

Gum),  300 
„  maculata       (Spotted 

Gum),  287-8 

,,  obliqua         ( Stringy 

Bark),  288-9,  302 
„  odorata  (Peppermint 

Gum),  300 
,,  paniculata         ( Pink 

Gum),  302 
,,  pilularis  (  Black 

Butt),  287-8 
,.  rostrata  (Red  Gum), 

299 
,,  tereticornis        (Blue 

Gum),  287-8 
,,  viminalis        (Manna 

Gum),  302 
Euriballi,  284-5 

Fagus       Cunninghamii     (Myrtle 
wood),  288-9 


INDEX 


Timbers  (-' 

Flindersia  australis  (Crow's  Ash), 

1    - 
Frenela    robusta    (Native    Pine), 

301 
Goupia     tomentosa    (Kabucalli ). 

Granadilla,  2 

Habing. 

Heritiera  littoralis  (Chomuntiri), 

254,  259-262 
Hibiscus       elatus       (Blue       or 

Mountain  Mahoe),  264,  267 
Hogmeat,  265,  267 
Hymensea       Courbaril      (Locust 

wood),  283-5,  292-3 
India,  291,  303 
Iroko,  297 
Ironbark,  287-8 
Ixora     ferrea     (Hackia),      i - 

285 

Jamaica,  263 
John  Crow,  286 
Juniperus        virginiana         (Red 

Cedar),  292-3 
Lagerstrcemia  Flos-reginse  (Pyin- 

ma),  292-3 
Lagos,  297 
Locust  Wood,  286 
Lucuma      mammosa      (Mammee 

Sapota),  264,  267 
Mammea    americana   (Manimea), 

264. 

M'Bebeda,  294 
Melia  Azadirachta(Margosa),251, 

259-262 
„     dubia    (Lunumidella),   252, 

259-262 
M'Gambo,  294 
M'Gate,  295 
M'Gurure,  295 
M'Guvi,  295 
Michelia     Champaca    (Sapu     or 

Champaca),  246,  259-262 
Mimusops   Kauki  (Bullet  Tree), 

282,  285 

„          obovata    (Red    Milk- 
wood),  290-1 
M  Khu,  294 
Montserrat,  291 


Ti  miners  (cont.) 

Mora  excelsa  (Morawood),  282- 

285 

MTingu,  294 
M'Rihi,  294 
Muhuhu,  295 
Myrsine      melanophleos      (Cape 

'Beech),  276,  280 
Xatal.  289 
Xectandra  Rodicei  (Greenheart), 

-_ 

„          species    (Light-brown 
Cirouballi),  283-285 
Xew  Zealand,  291 
Xuxia  floribunda  ( Vlier  or  Elder), 

275,  280 
Ocotea  bullata  (Stink wood),  277, 

280 

Oganwo,  298 
Olea  laurifolia  (Black  Iron  wood), 

271,  274,  280,  290-1 
Olinia  cynaosa  (Hard  Pear ),  27" 

280 

Opepe,  298 
Pericopsis     Mooniana    (Xedun), 

259-262 
Persea  semicarpifolia  (Ranai),254, 

259-262 
Pinus    Pinaster    (Cluster    Pine), 

273. 
„        Pinea  (Stone  Pine),  272, 

280 

Piscidia  species  (Dogwood),  286 
Platylophus     trifoliatus     (White 

Els  or  Alder;.  278,  280 
Pleurostylia    Wightii    (Panaka), 

247,  259-262 

Podocarpus  coriacea  (Blue  Moun- 
tain Yacca),  265, 
267 

„          elongata       (Common 
Yellow  Wood),  2  70, 
277,  280 
„  Puixlieana  (St.  Ann's 

Yacca),  265,  267 
„  Thunbergii        ( Real 

Yellow  Wood),  270, 

280 

Primus  occidentalis  (Prune),  264, 
267 
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Timbers  (cont.] — 

Psidium    montanum    (Mountain 

Guava),  264,  267 
Ptferoxylon    utile   (Sneezewood), 

269,  280,  290-1 
Pterocelastrus    rostratus   (White 

Pear),  290-1 

„  variabilis  (Cherry- 

wood),  275, 280 
Pterospermum  suberifolium  (Vin- 

anku),  248,  259-262 
Purple  Heart,  286 
Queensland,  287 
Red  Wood,  286 
St.  Vincent,  291 
Salm  Wood,  286 
Sapota    Sideroxylon    (Naseberrv 

Bullet  Tree),  263,  266,  267 
Simaruba   officinalis   (Simaruba), 

283-285 

Spanish  Oak,  292-3 
Symphonia   globulifera    (Hog  or 

Boar  Gum),  265,  267 
Tallow  Wood,  287-8 
Tasmania,  288 
Terminalia      Hilariana     (Yellow 

Sanders),  265,  267 
Thespesia  populnea  (Suriya),  255, 

259-262 

Toddalia  lanceolata  (White  Iron- 
wood),  289,  291 
Turtle  Bone,  286 
Vatica   affinis     (Mendora),    249, 

259-262 
Yirgilia    capensis    (Vetch-leaved 

Virgilia),  275,  280 
Vitex     altissima     (Milla),     248, 

259-262 
Zizyphus  Jujuba  (Ilanthai),  249, 

259-262 
Tin  Ore,  53 
Tobacco : — 
Bermuda,  179 
India,  176 


Toddalia  aculeata,  Dye  of,  217  ;  II, 

219 

,,  lanceolata  (White  Iron- 
wood),  Wood  of,  289, 
291 

Triethyloxamines, .  supposed    exist- 
ence of  two  isomeric,  II,   211 
Tuberose,  Essence  of,  112,  122 
Tung    Oil    (Chinese    Wood     Oil), 

134 
Turpentine  :  — 

Pinus  Khasya,  167 

,,      Merkusii,  167 
Turtle  Bone,  Wood  of,  286 

Urena  lobata,  Fibre  of,  69 

Vateria  indica,  Oil  of,  128,  133 
Vatica  affinis  (Mendora),  Wood  of, 

249,  259-262 
Ventilago    madraspatana,    Dye   of, 

212  •  II    218 
Vervain, 'Oil  of,  121,  123 
Villebrunea         integrifolia       (Ban 

Rhea),  Fibre  of,  76 
Virgilia      capensis      (Vetch-leaved 

Virgilia),  Wood  of,   275,  280 
Vitex   altissima  (Milla),  Wood   of, 

248,  259-262 

Wheat,  Memorandum  on  Grading, 

242 
Wines  : — 

Cape  Colony,  312 

Queensland,  311 
Wood  Pulp,  314 

Yucca  aloifolia,  Fibre  of,  89 
„      flexilis,  Fibre  of,  89 
„      gloriosa,  Fibre  of,  89 

Zizyphus  Jujuba  (Ilanthai),   Wood 
of,  249,  259-262 
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